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The Road to Future Fuels and Vehicles
Bob Noun, Howard Brown, and Paula Pitchford
National Renewable Energy Laboratory,* Golden, Colorado
As we pull into our local gas stations, glancing quickly at
the signs overhead, many of us might be wondering if today’s
price for a gallon of gasoline will be the same as the one that
was on the pump yesterday—or with any luck, lower. And
some of us might be thinking about how much more we pay
for gasoline and diesel fuel than the price shown on the pump.
For example, because we now import about 60% of our crude
oil, we are vulnerable not only to price-per-barrel fluctuations
but also to costly disruptions in supplies and to political insta-
bilities that affect our entire economy. 
We also pay a price in terms of our environment and
health. More than 30% of the heat-trapping greenhouse gases
in our air come from burning fossil fuels for transportation,
according to the International Center for Technology
Assessment and other sources. In addition, ground-level ozone,
which forms when hydrocarbons and other transportation-relat-
ed emissions react with sunlight, and the fine particulate emis-
sions which result from burning fossil fuels are suspected to
aggravate or even cause certain lung diseases in children and
adults, according to the American Lung Association. 
At least 240 million U.S. vehicles—one for 80% of all the
men, women, and children in the country—were registered in
2004, according to U.S. Department of Transportation statis-
tics. It takes a lot of fuel to keep all those wheels moving. The
U.S. Department of Energy (DOE) reports that the average
American household uses more than 1,000 gallons of gasoline
each year. And gasoline makes up nearly half of the 20 million
barrels of petroleum products that we consume each day to
travel more than 7 billion daily miles. Clearly, the nation has
been relying heavily on petroleum to meet its transportation
needs.
In February 2006, President Bush addressed many of these
issues when he announced the Federal government’s Advanced
Energy Initiative. In addition to calling for greater reliance on
several different renewable energy technologies, the initiative
increases funds for research and development (R&D) in
advanced batteries for hybrid vehicles, electric cars, and hydro-
gen-powered vehicles as well as for alternative transportation
fuels, particularly ethanol.
In partnership with both public and private organizations,
the scientists and engineers at DOE’s National Renewable
Energy Laboratory (NREL) and other laboratories are assisting
in this effort by conducting R&D in clean, innovative fuel and
vehicle technologies. These will help to reduce our nation’s
dependence on imports, enhance our energy security, and
improve the quality of our air.
In this article, we review where we are now in terms of
government-funded R&D, government-industry partnerships,
and market readiness, as well as where we plan to be in the
next few decades. This R&D has been, and will continue to be,
key to developing tomorrow’s fuel and vehicle technologies.
These environmentally friendly technologies include advanced
hybrid electric vehicles, plug-in hybrids, biodiesel and other
biofuels, ethanol from cellulosic biomass, advanced batteries,
hydrogen fuels, fuel cells, and more.
Where We Are Now
Today, ethanol, biodiesel, flexible-fuel vehicles, and
hybrid-electric vehicles are all available in some form, though
in limited quantities, in the United States. The Energy Policy
Act of 2005 establishes a renewable fuels standard requiring
total U.S. transportation fuel sales in 2012 to include 7.5 bil-
lion gallons of renewable fuel, and current estimates from the
Renewable Fuels Association indicate that we are now produc-
ing enough alternative fuel to meet that goal.  So we should see
steady increases in the use of biofuels and the vehicles that run
on them.
Currently, more than 30% of U.S. gasoline is E10—gaso-
line blended with 10% ethanol. About 90% of the U.S.-pro-
duced ethanol in this blend is made from the starch and simple
sugars in corn. The availability of E10 depends on local prices
and air-quality regulations.  In some parts of the country, par-
ticularly the Midwest, consumers can also purchase E85—an
ethanol blend containing 15% gasoline. But E85 can be used
only in “FFVs”—flexible-fuel vehicles that run on either gaso-
line or ethanol blends. 
U.S. automakers have been manufacturing flexible-fuel
versions of several models, such as the Chevrolet Suburban
sport utility vehicle, the Dodge Ram series 1500 pickup, and
the popular Ford F150 truck. In fact, about 4 million to 5 mil-
lion FFVs are estimated to be on the road today. However,
strange as it may seem, most FFV owners do not know that
they have one. A recent survey of FFV owners by an ethanol
producer found that 70% were unaware that they owned a vehi-
cle that can run on E85. Those who do know might wonder
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DOE is helping to expand the market for alternative fuels
and vehicles through the Alternative Fuels Data Center
(www.eere.energy.gov/afdc), a searchable electronic library of
technical data, publications, and information on advanced vehi-
cles and alternative fuels. One of its popular features is an
Alternative Fuel Station Locator that provides maps of U.S.
fueling stations.
Though they are still the new kids on the road, hybrid-elec-
tric vehicles—HEVs—are becoming increasingly popular;
about 1.3% of light vehicle sales in 2005 were HEVs, accord-
ing to DOE. To improve fuel efficiency and performance,
HEVs combine a small but efficient gasoline engine with an
electric motor. Estimates indicate that if everyone drove an
HEV, we could reduce our petroleum consumption right now
by at least 20%, and perhaps as much as 40%, though that
might not happen any time soon. Researchers are continuing to
investigate ways to improve the performance of HEV compo-
nents and to work with industry to put improvements into prac-
tice.
One key to making HEVs more practical is to incorporate
low-cost, integrated power electronics. Researchers at the DOE
national laboratories and in industry are working on advanced
components that condition the electrical signal between the
power generation unit (a battery or fuel cell) and the electric
motor to improve cost effectiveness and performance. And
R&D is being conducted in advanced hybrid components and
systems for heavy duty-vehicles that consume much more fuel
per vehicle than passenger vehicles. The results of this work
could increase the fuel efficiency of large trucks as much as
100%.
For diesel-powered vehicles, one promising renewable fuel
option is B20—a blend consisting of 20% fatty acid methyl
ester (biodiesel) and 80% petroleum diesel fuel. Biodiesel can
be made from any animal or vegetable fat or oil and be used in
just about any diesel vehicle. It can reduce environmental emis-
sions dramatically, depending on the blend. U.S. biodiesel is
produced largely from soybean oil and recycled restaurant
cooking oil.
Researchers have been working to reduce the technical
barriers that stand in the way of producing biodiesel on a large
scale and using it widely. Their work will help to make
biodiesel more cost-competitive, reliable, and plentiful. 
Where We Should Be in 5 to 10 Years
Mid-term technology options like cellulose-based ethanol
and “plug-in” hybrid-electric vehicles are in the latter stages of
development. But in general, they are still too expensive to
compete effectively in the marketplace. So, researchers and
engineers are working to improve them so they can be cost-
competitive and widely available.
The starchy material in corn kernels now used to produce
most of our ethanol is only a small fraction of the biomass
(e.g., the plant-based materials and organic waste products) that
could be used. Two other components of plants, cellulose and
hemicellulose, are also made of sugars, but those sugars are
linked in long polymer chains that are not easy to convert to
ethanol. Advanced biomass conversion technologies are needed
to break down the polymer chains into their component sugars
and then ferment them
to alcohol to produce
cellulosic ethanol.
This is a good










could do much to
reduce our depend-
ence on imported oil
and curb U.S. green-
house gas emissions.
The technology works,
but it’s still too expen-
sive. So, national labo-
ratories and private-
Increases in traffic and air pollution are
becoming major problems in many urban
areas, such as this expressway in Denver,
Colorado (photo by Warren Gretz).
This fuel dispenser at a Santa Fe, New
Mexico, station offers B20 biodiesel, E85
for flexible-fuel vehicles, and E10 for any
vehicle that runs on gasoline (photo cour-
tesy of Charles Bensinger and Renewable
Energy Partners of New Mexico).
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sector groups alike are developing more cost-effective produc-
tion methods.
For many years, researchers at NREL have been develop-
ing technologies that produce ethanol and other valuable fuels
and chemicals from cellulosic biomass. They have conducted
much of the basic research underpinning a process in which a
dilute acid is used to break down hemicellulose. In a step
known as enzymatic hydrolysis, enzymes break cellulose down
into its component sugars. While NREL focused on the
process, its research partners made great strides in reducing the
cost of the enzymes. Four years ago, these enzymes were too
expensive to be used in a cellulosic ethanol process. Today,
enzymatic hydrolysis is the lowest cost option for hydrolyzing
cellulose to glucose.
In NREL’s alternative fuels pilot plant, researchers contin-
ue to partner with companies in the vanguard of this emerging
industry to validate new biomass-to-ethanol technologies. The
technologies, though promising, still need to be simpler and
less expensive; for example, the capital equipment and sophis-
ticated processing steps required are costly. But researchers
hope to ultimately enable industry to produce this fuel for only
about $1.00 per gallon, which will make cellulosic ethanol
competitive with ethanol from starch and perhaps even with
gasoline.
Researchers and their partners are also working to help
industry produce fuels, chemicals, and other products in the
biorefineries of the future. These refineries would manufacture
a variety of products from biomass—much as today’s oil
refineries and petrochemical plants do from petroleum. Some
biorefineries might feature processes for gasifying or liquefy-
ing biomass and converting the resulting synthesis gas to diesel
substitutes and other fuels. In fact, some biomass gasification
and pyrolysis plants are already up and running. In other biore-
fineries, certain plant sugars and intermediates could be made
into high-value products for various markets, and the remain-
ing sugars could be fermented to ethanol fuel. Eventually, the
lignin in plants might also be converted to valuable fuels and
chemicals.
Another option being explored is known as “green diesel.”
Biodiesel contains molecules produced by trans-esterifying
triglycerides with methanol. Green diesel consists of paraffin
molecules produced by hydrogenating triglycerides using a
conventional petroleum refining process. Green diesel has a
very high cetane number, which means it ignites fairly quickly
after injection, and a low pour point, the lowest temperature at
which a fuel will pour. Thus, it is a high-quality diesel fuel that
is totally compatible with petroleum diesel. 
In addition to producing transportation fuels from bio-
mass, we can also put electricity to work to reduce our petrole-
um usage. Electric vehicles are clean and quiet, and there are
already some vehicle recharging stations around the country.
This vehicle technology could be fully renewable if the
recharging stations provided electricity generated by wind,
solar, and other renewable energy technologies.
Today’s HEVs do not depend on an external means of
recharging their batteries. Taking HEV technology a step fur-
ther, hybrids are being developed that can be plugged in to
conventional outlets, thus storing electricity for later use. By
adding extra batteries to an HEV and a means to plug them in,
we could drive most of a typical day on domestic electricity
and still have fuel in the tank for longer trips. But today’s bat-
teries are heavy and expensive. So, researchers are working on
advanced batteries, drive trains, and other vehicle components
that can be used cost-effectively in conventional, hybrid-elec-
tric, and plug-in hybrid vehicles. They are also exploring ways
to make plug-ins reversible, so that excess power stored in the
vehicle would go back into the utility grid, to the owner’s cred-
it.
Where We Need to Be in 20 Years
Taking all this another step further, it is not hard to imag-
ine future “renewable communities” that would feature plug-in
hybrids, zero-energy homes, and various renewable energy
technologies. These might not be featured on a television “real-
ity show” today, but they are certainly part of an attainable
vision for tomorrow.
In terms of alternative fuels, DOE has established a “30 by
30” goal, which means that ethanol will make up at least 30%
of our nation’s transportation fuels by 2030. Research in other
long-term technology options, such as renewable-based hydro-
gen fuel and fuel cells, is also important, especially in terms of
the basic science underlying those technologies. Hydrogen fuel
cells for transportation and hydrogen vehicles are so promising
that California and some states on the Atlantic Coast are
already setting up prototype hydrogen fueling stations to test
new technologies as they develop.
Producing hydrogen by steam-reforming natural gas,
today’s most economical method, would increase our reliance
Fuel-efficient hybrid electric vehicles like this Toyota Prius
were made part of the city’s fleet in Plano, Texas (photo
courtesy of the City of Plano).
Fall/Winter 2007
6
on an increasingly scarce fossil fuel. So, researchers are pursu-
ing a renewable option: gasifying biomass and reforming the
resulting syngas to hydrogen through a water-gas shift reaction.
They are also exploring the use of cost-effective solar, wind,
and other renewable technologies to electrolyze water to pro-
duce hydrogen. And they are pursuing both photoelectrochemi-
cal and photobiological technologies that could produce hydro-
gen directly. In the photoelectrochemical approach, the absorp-
tion of light energy triggers the splitting of a water molecule in
an electrolyte. The photobiological approach takes advantage
of the fact that certain microorganisms—such as green algae—
naturally split water to produce hydrogen as a way to dissipate
the energy they do not need in certain circumstances. 
Fuel cells are complex, but they could revolutionize the
way we power our nation and provide cleaner, more efficient
alternatives to the burning of fossil fuels. However, many chal-
lenges must be overcome before fuel cells will be competitive
in the marketplace. Therefore, R&D is focusing on improving
the performance and cost effectiveness of fuel cell systems,
subsystems, and components. 
A basic problem underlying our dependence on imported
oil is that today’s cars and trucks are not very efficient. Even a
hybrid-electric vehicle uses less than one-fifth of the energy—
fossil or renewable—that goes into it. Because several different
configurations for hybrid-electric and fuel-cell vehicles are
possible, and numerous alternative technologies could be used
in key vehicle components, computer modeling is critically
important. 
Using models such as ADVISOR (the Advanced Vehicle
Simulator), which is now commercially available, we can sim-
ulate potential vehicle technologies and combinations of tech-
nologies in days or weeks. This is in marked contrast to the
months or years it takes to build and test prototypes. Computer
tools can help to show automakers and equipment providers the
most promising avenues to pursue to reduce the environmen-
tal impacts of vehicles and improve their efficiency and per-
formance. NREL has also developed a unique thermal comfort
manikin known as ADAM (the Advanced Automotive
Manikin), which is designed to help the automotive industry
design smaller, more efficient climate-control systems in vehi-
cles.
In Conclusion
The ultimate goal of this research, development, and
deployment is to enable U.S. industry to produce advanced,
low-emission, economically competitive fuels and vehicles
that will meet our future transportation and environmental
needs. Pursuing all options, we are well on our way to greater
energy independence and a healthier future. 
This article was adapted with permission from portions of
the cover story in the National Renewable Energy Laboratory
2005 Research Review; please see www.nrel.gov/research.html
for more information. The authors wish to thank all those at
NREL and DOE who provided valuable expertise and guid-
ance. NREL is operated for DOE by Midwest Research
Institute and Battelle under contract no. DE-AC36-99-
GO10337. 
*Employees of the Midwest Research Institute under
Contract No. DE-AC36-99GO10337 with the U.S. Dept. of
Energy have authored this work.  The publisher, by accepting
this article for publication, acknowledges that the United
States Government retains a nonexclusive, paid-up, irrevoca-
ble, worldwide license to publish or reproduce the published
form of this work, or allow others to do so, for United States
Government purposes. 
Researchers like Maria Ghirardi, NREL, are working on ways to use
green algae to produce hydrogen for use in clean energy technolo-
gies like fuel cells (photo by Warren Gretz).
In a biofuels laboratory at NREL in Colorado, researchers use a reactor
built by Metso Corp. to pretreat hemicellulose for conversion to ethanol
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Selected Programs and Policies for Biofuels in Kentucky
The Commonwealth of Kentucky is actively
supporting the development and use of alternative fuels.
Regulations include the Kentucky Energy Security National
Leadership Act of 2006, which directs the Office of Energy
Policy to develop and implement a strategy for producing
transportation fuels and synthetic natural gas from biomass
resources. And, according to the DOE Alternative Fuels
Data Center, the Kentucky Transportation Cabinet is pro-
moting the use of clean E85 in its fleet of flexible fuel
vehicles, among other measures. The Data Center also
notes that Kentucky has established an income tax credit of
$1.00 per gallon for biodiesel producers and blenders, with
a total annual credit cap of $1.5 million. In addition, a
number of initiatives, grants, and matching-fund programs
with the Federal government support the production of
renewable fuels.
In 2005, the Kentucky Office of Energy Policy
announced the formation of a Rural Energy Consortium.
This consortium fosters private sector-national laboratory
partnerships that facilitate research in efficient energy use,
renewable energy production, and other activities important
to Kentucky’s agricultural sector, rural communities, and
related industries.  In 2006, Governor Fletcher’s office
announced funding for seven new research projects that
focus on energy research and development and are being
conducted at the University of Louisville and the
University of Kentucky. Four projects directly relate to bio-
fuels, and one involves developing materials to help pro-
duce hydrogen and electricity from water and sunlight.  In
addition, new biodiesel plants already up and running in
Kentucky include the Griffin Industries Biodiesel Plant in
Butler and a large plant in Owensboro. The Owensboro
Grain Biodiesel plant could produce as much as 45 million
gallons of biodiesel per year, according to news sources.
Kentucky’s Renewable Energy and Energy Efficiency Programs
John Davies, Director
Gregory Guess, Assistanat Director
Division of Renewable Energy and Energy Efficiency
Kentucky Office of Energy Policy
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Americans are once again being shocked by higher energy
prices. During the summer of 2006 we flirted with $3.00-a-gal-
lon prices for gasoline. The press reports that sales of large
trucks and SUVs are down; people are shopping for hybrids
and other cars that get better gas mileage. There are even
reports of people torching their gas-guzzling SUVs — they
can’t afford the gas and they need to collect the insurance
money because they are “upside down” on their payments.
Crude oil prices have been above $76/BBL (a barrel is 42
gallons) several times this year – and that’s after trading in a
$10 to $20 price range during most of the period from 1986 to
1999. Crude oil even dipped to almost $10 as recently as 1998!
We have seen natural gas prices perform similar gyrations
in the market. After hovering around $2.00/MMBtu (million
Btu) for most of the period from 1980 to 1999, wholesale
prices exploded to $15/MMBtu in December of 2005. At press
time, the price had dropped to the $7 range – still well above
historical levels.
Electricity prices have increased also, though not quite as
dramatically, that is, if you don’t count the spikes in California
during the summer of 2000 through the summer of 2001 that
saw wholesale electricity jump from around $12/MWh to
above $200/MWh, while briefly “gusting” to over $500/MWh.
A similar phenomenon took place in the summer of 1998 in the
upper Midwest when electricity that had been trading at
$50/MWh spiked briefly to $7,500/MWh. Whether because of
market manipulation, panic buying on the part of inexperienced
traders, inadequate transmission systems or the confluence of
events creating a “perfect storm,” it is clear that electricity
price increases of this magnitude threaten our economic well-
being. Even without these “perfect storm” events, government
and industry predict higher electricity prices due to increased
demand and the infrastructure needed to support that demand,
and we jeopardize the health of our economy with higher natu-
ral gas and petroleum prices. 
But these price shocks alone are not the only reason to be
concerned. After all, we experienced similar price shocks some
30 years ago when crude oil prices increased dramatically as a
result of the Arab Oil Embargo.
Our dependence on foreign oil has other serious conse-
quences. Our balance of payments suffers, in part, because we
are exporting nearly $300 billion annually to pay for imported
oil. We are preparing to import significantly more natural gas
in the form of liquefied natural gas or LNG. Plans to build
some 40 LNG plants have been announced (compared to only
5 in operation in the U.S. now). While not all of these will be
built, it does indicate how the market perceives the magnitude
of the increased demand in the coming years.
Of course, our dependency on (frequently unstable) foreign
sources of supply for oil (we’re importing almost twice as
much crude oil as we produce domestically) leads to profound
national security concerns. The U.S. Department of Energy
predicts that the percent of oil we import from foreign sources
will increase from 58 percent in 2004 to 68 percent in 2025.
Many would say that our last decade-and-a-half of military
involvement in the Middle East (Gulf War, War in Iraq) is a
direct result of this dependency.
We know too that dependence on fossil fuels has signifi-
cant environmental impacts, from smog in most of our large
population centers to the increasing threat of global climate
change.
Most would agree that our domestic reserves of petroleum
are too small to offer long term independence from oil imports.
And, while we have several hundred years of coal supply avail-
able right here in the United States, we still are not able to eco-
nomically convert it to a clean liquid or gas that we could use
conveniently in our homes and cars – although we are moving
in that direction. Moreover, techniques like coal-to-liquids and
coal-to-gas don’t solve the “carbon problem” driving global
climate change; nor do they address the environmental con-
cerns associated with mining operations.
Increasing concerns over greenhouse gases and CO2 emis-
sions from fossil fuels will drive new regulation and mitigation
responses. These efforts will place upward pressure on elec-
tricity and fuel prices strengthening energy efficiency and
renewable energy’s position as the “least-cost” option.
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Expanding economies, particularly in China and India, will
continue to put pressure on the demand side of the energy
equation. Sustained economic growth in these countries whose
populations want the same lifestyle (largely supported by abun-
dant energy consumption) that they see in the West, particularly
in the U.S., will put increased pressure on prices and supplies. 
Meanwhile, the U.S., with 5 percent of the word’s popula-
tion, consumes 25 percent of the world’s energy. And that is
not because we are manufacturing 25 percent of the world’s
goods! We use twice as much energy per person as Europeans,
eight times as much energy per person as China and 15 times
as much per person as India. Simply put, we are energy inten-
sive.
Fluctuating but generally increasing energy prices, steady
increases in worldwide energy demand particularly in develop-
ing economies, increased competition for finite fossil fuel
resources and the continued threat of global climate change
presents overall a pretty sobering picture.
But there is a promise of a better future – however it
comes with a challenge. It requires that we change the way
many of us have viewed the world in the past, and it requires
that many of us change the actions we take as a result the way
we see the world in the future. The other piece of good news is
that our past inefficiencies are creating tremendous opportuni-
ties for us to be more efficient.
A sitting U.S. Vice President once said, “Conservation may
be a sign of personal virtue, but it is not a sufficient basis all by
itself for sound, comprehensive energy policy.” He is correct;
conservation (or better, energy efficiency) is not enough by
itself, just as increased production is not enough by itself.
However, any path to energy independence must include
aggressive, cost effective and sustainable energy efficiency and
renewable energy practices and technologies.
The first 12 recommendations in Kentucky’s comprehen-
sive energy strategy (see Figure 1) address the energy efficien-
cy and renewable energy actions that state government should
take. These recommendations also form the basis for program
design and implementation by the Governor’s Office of Energy
Policy (GOEP - see Figure 2).
The strategy points out that there are significant opportuni-
ties for energy efficiency and renewable energy in Kentucky.
Opportunities for energy efficiency stem from the fact that we
are an energy intensive state. Our historically low electricity
prices have encouraged us to use more energy. The combina-
tion of low prices and high demand results in relatively high
energy bills. For example, although our electricity rates are 16
percent lower than Indiana’s, Kentuckians paid only four per-
cent less on their electric bills. Kentuckians should not only 
benefit from the lowest electricity prices in the nation but also
the lowest electric bills.
Kentucky also enjoys a strong and untapped renewable
energy opportunity that we have just begun to develop. This
past year we’ve seen the groundbreaking for an additional 50
million gallons per year of biodiesel production, and our only
ethanol plant (in Hopkinsville) has recently increased its pro-
duction capacity from 24 to 33 million gallons per year.
Additionally, efforts by our universities to find cost-effective
applications for biomass and solar energy will help develop
other renewable energy markets in Kentucky.
Renewable Energy and Energy Efficiency (RE3) Program
Design 
GOEP promotes and encourages sustainability in two
ways. First, GOEP supports research and analysis of technolo-
ENERGY STRATEGY
Governor Ernie Fletcher released Kentucky’s
Energy – Opportunities for Our Future: A
Comprehensive Energy Strategy in February 2005.
State government energy policy is guided by the strate-
gy which is based on three principles:
• Maintain Kentucky’s low-cost energy.
• Responsibly develop Kentucky’s energy
resources.
• Preserve Kentucky’s commitment to environ-
mental quality.
The strategy contains 54 recommendations that
address 
• Energy Efficiency
• Renewable Energy 
• Low Cost Electricity
• Coal 
• Natural Gas 
• A Perpetual Commitment. 
The Governor’s commitment to the development
and implementation of a strong, effective and compre-
hensive energy policy was reflected in the make up of
the Commonwealth Energy Policy Task Force. The
seven-member body included five Cabinet secretaries
and two legislators.




gies and processes that are sustainable, or that move us toward
being more sustainable than current practice. For instance,
while we are not yet at the stage where we can design and
build a school that is truly sustainable (one that generates and
supplies ALL of its energy needs cost effectively), we can cer-
tainly build schools that use significantly less energy than most
of the new schools being built in Kentucky today.
Second, GOEP places an emphasis on developing pro-
grams that are sustainable. This relates not so much to the mes-
sage we deliver as the way we get the message delivered. The
development of partnerships is the key element that enables us
to more effectively leverage our influence. These partnerships
not only increase our effectiveness, they offer the benefit of
potential long-term involvement by our partners in delivering
the same or similar message we would deliver ourselves. 
Our partnerships are with federal agencies, state agencies,
universities, non-profits and other organizations. Sometimes we
are able to channel grant funds to our partners for the work we
do together. At other times, people partner with us because we
have similar goals, creating a community of interest that multi-
plies our capabilities and allows us to accomplish more togeth-
er than each could acting on its own. Over the years, our part-
nerships have proven effective and we strive to work with all
sectors of Kentucky’s economy. 
Programs, Partnerships and Activities 
GOEP’s programs, partnerships and activities may be
broadly divided into two general categories – energy efficiency
measures and renewable energy.
1. Energy Efficiency
KEEPS (Kentucky Energy Efficiency Program for
Schools). GOEP has a grant with the Kentucky Pollution
Prevention Center (KPPC) at the University of Louisville that
pays for a program manager to work with K-12 schools and
universities to improve energy efficiency and reduce costs. Last
year, Kentucky’s publicly supported K-12 schools spent $118
million on energy for buildings. We should ultimately be able
to save 10 to 15 percent of this by implementing strong, low-
cost/no-cost energy efficiency programs. Additional savings
can be realized with capital investments. This is the first year
for KEEPS, which is being operated on a pilot basis with three
GOVERNOR’S OFFICE OF ENERGY POLICY
(GOEP)
GOEP’s predecessor agency, the Kentucky Office
of Energy Policy (KOEP) was established in 2005 as a
result of Governor Fletcher’s comprehensive energy
strategy. An October 2006 Executive Order transferred
the KOEP to the Governor’s office and renamed the
agency. GOEP has the mission to oversee the imple-
mentation of 54 recommendations outlined the energy
strategy.
GOEP is a consolidation of the former Kentucky
Division of Energy and the Kentucky Coal Council.
The Kentucky Division of Energy is now the
Kentucky Division of Renewable Energy and Energy
Efficiency. The Kentucky Coal Council is now the
Division of Fossil Fuels and Utility Services. The
Executive Order also established the Division of
Research, Development and Demonstration.
The Division of Renewable Energy and Energy
Efficiency encourages energy efficiency in all sectors
of Kentucky’s economy and promotes the use of
renewable energy where it is cost effective. 
The Division of Fossil Fuels and Utility Services
helps to increase the economic opportunities and bene-
fits of fossil energy to Kentucky citizens and industry.
This is done through the expansion of current markets
and development of new markets for Kentucky’s coal,
natural gas, petroleum and oil shale.
The Division of Research, Development and
Demonstration is responsible for the program devel-
oped by the Governor and the Legislature to increase
energy research and development capacity at our pub-
lic universities and foster an intellectual exchange
between our schools, national energy laboratories and
private industry.
For more information, visit our Web site at
www.energy.ky.gov.
Governor Fletcher recognized GE Consumer & Industrial of
Louisville, Toyota Motor Manufacturing North America of Erlanger,
the Governor’s Office of Energy Policy (GOEP) and the McCreary
County Community Housing Development Corporation for their out-




school systems and three uni-
versities as participants.
KPPC will provide engineer-
ing and technical support to
the participants and the
KEEPS program manager will
“coach” each school’s energy
team to guide them to imple-




Project). GOEP has a grant
with the Kentucky NEED Project to support energy education
activities in Kentucky. NEED, established in 1980 and with
programs in 46 states, provides non-biased, grade-appropriate,
energy curriculum materials that, in Kentucky, are correlated to
the Kentucky program of studies. NEED conducts workshops
for students and teachers that enables them to transfer their
new knowledge to others back at their school (NEED uses a
“Kids Teaching Kids” philosophy). In addition, Kentucky
NEED is a key partner in the planning and production of the
annual High Performance Schools workshop and is the curricu-
lum partner for elementary and secondary schools participating
in the KEEPS program.
ENERGY STAR® Program. ENERGY STAR is a volun-
tary program backed jointly by the U.S. Department of Energy
(DOE) and the U.S. Environmental Protection Agency (EPA)
designed to help Americans save money and protect the envi-
ronment through superior energy efficiency. ENERGY STAR
“brands” a variety of electronic appliances, computers and
other equipment identifying them as being the most energy
efficient of their type on the market. For businesses, ENERGY
STAR partnership offers a proven energy management strategy
that helps in measuring current energy performance, setting
goals, tracking savings, and rewarding improvements. For
many types of buildings, including new homes, ENERGY
STAR offers a means of certifying that the building exceeds the
energy performance of a similar building that just meets energy
code requirements. ENERGY STAR provides a wealth of
resources for business and individuals who need guidance on
how to become more energy efficient.
GOEP has a grant with the University of Kentucky that
supports a UK Cooperative Extension Agent who travels
across the state promoting ENERGY STAR at more than 50
events including home and garden shows and electric cooper-
ative annual meetings, as well as a large exhibit at the
Kentucky State Fair. This grant also helps to educate other
UK Cooperative Extension Agents about ENERGY STAR and
energy efficient practices. These agents, in turn, will take the
energy efficiency message to Kentuckians in every county.
So far Kentucky has four ENERGY STAR certified
schools. Third party verification shows that these schools use at
least 30 percent less energy than conventionally built schools.
Kentucky became only the fourth state in the nation to be
declared an ENERGY STAR partner by the U.S. DOE and the
U.S. EPA. GOEP was recently honored with a 2006 Excellence
in ENERGY STAR Outreach award by the U.S. DOE and U.S.
EPA.
2. Renewable Energy 
Kentucky Rural Energy Consortium (KREC). GOEP is a
founding member of the Kentucky Rural Energy Consortium.
GOEP, the University of Louisville, the University of Kentucky
and 16 other partners joined in 2004 to establish KREC with the
mission to sponsor research and development of renewable energy
resources, bio-based products and energy efficient technologies
across the Commonwealth. To date KREC has awarded over $1.3
million dollars to our public universities for the purposes of con-
ducting research and building intellectual capacity in the fields of
renewable energy and energy efficiency. Projects funded include
research in solar energy, biomass, hydrogen and energy efficient
buildings. KREC is supported with federal funds through the assis-
tance of Kentucky’s Congressional delegation in Washington D.C.
High Performance School in Kenton county. 
Groundbreaking Ceremony,
Owensboro Grain Biodiesel, LLC.
Governor Ernie Fletcher proclaimed October 4, 2006, as ENERGY
STAR Change a Light, Change the World Day in Kentucky.  
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KCFC (Kentucky Clean Fuels Coalition). GOEP supports
KCFC through grants designed to promote the adoption and
use of clean fuels throughout the Commonwealth. These
grants have supported biofuels infrastructure, biodiesel buy-
down for public schools, clean fuels infrastructure, student edu-
cation and public outreach. KCFC is a non-profit organization
whose goal is to improve air quality and support economic
development across Kentucky by promoting the use of clean
fuels. It is affiliated with the U.S. Department of Energy
Clean Cities program. KCFC has received numerous national
awards and is recognized as one of the nation’s most successful
Clean Cities programs. 
Research Grants. In 2005, the Governor and the Kentucky
General Assembly established the Energy Research,
Development & Demonstration Program to benefit the citizens
of the Commonwealth by encouraging our public universities
to conduct energy research, development and demonstration
projects. GOEP was given the responsibility to manage this
program. As part of this initiative, GOEP awarded nearly
OTHER PARTNERSHIPS AND PROGRAMS
GOEP is involved with other partnerships and pro-
grams that play an important role in promoting a more sus-
tainable energy future for Kentucky.
• GOEP promotes the use of Energy Savings
Performance Contracts (ESPCs) for state govern-
ment buildings and has worked with the Finance
Cabinet to support cumulative awards of some $45
million, which are estimated to result in savings of
$4.1 million annually. GOEP helped establish the
Kentucky Energy Services Coalition (KESC) to
promote the adoption of ESPC. Nationally, the
Energy Services Coalition (ESC) is a nonprofit
organization composed of a network of experts
from a wide range of organizations working
together at the state and local level to increase
energy efficiency and building upgrades through
energy savings performance contracting. Energy
savings performance contracting enables building
owners to use future energy savings to pay for up-
front costs of energy-saving projects, eliminating
the need to dip into capital budgets.
• GOEP is a founding member of the Kentucky
Chapter of the U.S. Green Buildings Council – a
national non-profit group that promotes the design,
construction and renovation of sustainable build-
ings. USGBC developed the LEED® (Leadership
in Energy and Environmental Design) certification
process for buildings.
• GOEP is working with the Kentucky
Environmental Education Council, the Kentucky
Department of Education and other agencies and
private organizations to develop a “Green and
Healthy Schools” program designed to recognize
K-12 schools for their efforts to move toward
greater sustainability.
• GOEP produces an annual two-day workshop
addressing high performance schools. The work-
shop typically draws from 140 to 170 school offi-
cials, architects and engineers and features nation-
ally recognized speakers addressing topics that
move us toward better buildings and better learn-
ing environments.
• During the last several years, GOEP has funded
the production of at least five workshops each
year for the building industry that focus on high
performance homes (1-day sessions) or commer-
cial buildings (2-day workshops).
• GOEP just received a two-year grant from the
U.S. Department of Energy (DOE) to help teach
builders and the public about the benefits of ener-
gy efficient buildings. The $485,000 award will
fund a partnership with the University of
Kentucky’s College of Agriculture (which is pro-
viding a $140,000 match) to develop a program
curriculum focused on design and construction of
energy efficient homes. UK’s Cooperative
Extension Service will help spread awareness of
energy efficient building practices to the public,
specifically homeowners. The Kentucky
Community and Technical College System
(KCTCS) will also help develop curriculum and
training for their classes as well as community
outreach programs.
• GOEP actively supports ENERGY STAR cam-
paigns to increase consumer awareness and under-
standing about energy efficiency and its impact on
the environment. In 2005, GOEP worked with
Kentucky’s First Lady Glenna Fletcher to encour-
age all Kentuckians to take the “ENERGY STAR
Change a Light, Change the World” pledge. This
year, Governor Fletcher proclaimed Oct 4th as
“ENERGY STAR Change a Light, Change the




$513,000 in renewable energy grants for improving the
processes for biodiesel, investigating new enzymes for the pro-
duction of ethanol, resolving technical obstacles in the com-
mercialization of briquetted fuels from coal and biomass, and
increasing the production of enzymes for biomass conversion
to energy feedstocks. This research is expected to result in
processes that enhance the productivity and profitability of
Kentucky’s biofuels industries including on-farm production of
biomass materials. 
Our energy future will be what we decide to make it. As
this article and the others in this issue of Sustain clearly
demonstrate, we are moving in the right direction to a brighter
energy future. 
John Davies serves as the Director for the Division of
Renewable Energy and Energy Efficiency, Governor's Office of
Energy Policy. In this capacity, he manages energy efficiency
and renewable energy programs for the Commonwealth and
works to develop public-private partnerships throughout
Kentucky that support the adoption of energy efficiency and
renewable energy technologies and practices.    
Greg Guess, Assistant Director for the Division of
Renewable Energy and Energy Efficiency, has been involved
with energy policy and programs since the Arab Oil Embargo
of the mid-1970s, both in state government and in the private
sector where he was associate director of the Kentucky office
for a major oil industry trade association. His current focus is
on energy efficiency, particularly energy efficient and sustain-




Rajesh K. Dasari, Research Assistant and
R. Eric Berson, Assistant Professor
Department of Chemical Engineering, University of Louisville
A Brief History of Ethanol
Henry Ford’s original 1908 Model T was powered by a
four-cylinder, two-speed, 20 horsepower motor, had wheels
made of wood, came standard equipped with oil lamps and a
tube horn, sat three comfortably, and was originally intended to
use ethanol as its primary fuel source. But even at a time when
the entire automobile listed for $850 and achieved sound fuel
economy at 25-30 MPG, economics dictated a switch to a
gasoline powered engine.
Now, nearly 100 years later, ethanol as a transportation
fuel is poised for a comeback, and the recent $70 per barrel oil
price is not the only driving factor. The United States will ben-
efit significantly from a diversified fuel energy supply for a
variety of reasons that appeal to a variety of interests.
Incorporating alternative energy fuel sources into the market-
place will reduce dependence on foreign oil, reduce the risk of
price increases from the whims of OPEC quotas and progres-
sively stringent domestic environmental regulations, improve
environmental quality, and increase overall energy efficiency as
technologies advance. And while there is uncertainty as to the
amount of crude oil reserves remaining, one certainty is that
there is not an indefinite supply. Most scenarios estimate about
a 50-70 year supply depending on worldwide consumption
rates.
So what are the viable alternatives to gasoline that can sus-
tain our automobile culture? Most of the recent buzz centers on
ethanol and hydrogen. Hydrogen, technically, is not a fuel in
the same sense as gasoline or ethanol that undergoes a combus-
tion process to generate power, but rather is a reactant in a fuel
cell that generates electricity in an electrochemical conversion
process. As such, efficiency is not limited by the constraints of
the Carnot cycle which governs the efficiency of a combustion
engine. The process is also very clean. The only products are
heat and water, making it a very environmentally friendly
option.
Then, why has hydrogen not yet caught on? The answer is
mainly due to infrastructure and logistics of the reformation
process. A reformer converts the hydrocarbons in a source such
as methanol or natural gas into hydrogen which is then fed to
the fuel cell. If reformation is to occur at a central location sim-
ilar to an oil refinery, a network of pipelines crisscrossing the
country will be needed to transport the hydrogen. The other
option is to integrate the reformer into the fuel cell and auto-
mobile. The problem with this is the reformation process also
produces gases other than hydrogen, leading to the need for a
purification process which kills the efficiency of the fuel cell.
Ethanol, on the other hand, integrates nicely with the cur-
rent infrastructure and automobile engine design. Blends such
as a 90/10 gasoline-to-ethanol ratio (referred to as E10), where
the ethanol is added as an oxygenator for the combustion
process, are already widely available at the pump for use in all
existing engines. Flexible fuel vehicles have now entered the
marketplace, and with a roughly $200 modification to the
engine, are designed to run on up to an 85 percent ethanol
blend (E85).
Where does ethanol come from? A small percentage is syn-
thesized from ethylene and used as a solvent in industrial appli-
cations such as pharmaceuticals, cosmetics, detergents, house-
hold cleaners, coatings, and inks. The vast majority, however,
is produced by a fermentation process where yeast or bacteria
metabolizes simple sugars into what can be used as fuel
ethanol. The mature technologies in the United States use corn
as the feedstock from which the sugars are obtained since the
high starch content is easily degraded into simple sugars ready
for fermentation. If the demand for ethanol grows enough, corn
as a feedstock may not remain economical, either as a fuel
source or a food source. This leads to the interest in producing
ethanol from far cheaper cellulosic biomass sources, which
happen to be the most plentiful form of biological material on
earth, such as corn stover (the parts of the corn plant you don’t
eat: stalks, leaves, husks), wood chips, bagasse, switchgrass,
and fast growing hybrid trees.
How do these crops become fuel?
Cellulose and hemicellulose, the primary components of
biomass, are polysaccharides that can be converted to ethanol
once their energy-rich sugars are released. Cellulose is a six-
carbon polymer made up of repeating glucose units tied togeth-
er by ß-glycosidic linkages (Figure 1). The high degree of
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hydrogen bonding between linear chains of cellulose is highly
stable and resistant to chemical attack. In a hydrolysis reaction,
which breaks the glycosidic bonds in the presence of water,
cellulose is reduced to a cellobiose repeating unit, C12H22O11,
and ultimately to glucose, C6H12O6, by enzymes as shown in
the following reaction. 
Cellulose g b-1, 4glucanase g Cellobiose g b-glucosidase gGlucose 
Hemicellulose contains mostly five-carbon sugars (primari-
ly xylose and some arabinose) and a few six-carbon sugars
(galactose, glucose, and mannose). Hemicellulose is relatively
easy to hydrolyze to its constituent sugars compared to cellu-
lose because it is amorphous in nature due to its branched
structure.
Lignin is the major noncarbohydrate present in biomass and
is a highly polymeric substance with a complex, cross-linked,
highly polypenolic structure. It encrusts the cell walls and
cements the cells together. Lignin can be thought of as nature’s
way of protecting the valuable cellulosic material. Lignin is rich
in energy, and when separated, can be burned for heat, convert-
ed to electricity, or gasified and converted to synthetic fuels by
a Fischer-Tropsch (FT) process.
The three polymers, cellulose, hemicellulose and lignin,
are assembled into a complex composite with the capability to
morph and grow much like a liquid crystal. This composite
provides plant cell walls with strength and resistance to degra-
dation which makes the biomass a challenge to use as sub-
strates for biofuel production. The conversion of corn to
ethanol is a much easier process since the starch is a polysac-
charide (repeating units of C12H16O5) composed of long
chains of linked α-glucose molecules (Figure 2). The α-1,6
linkages between the chains result in a branched highly amor-
phous structure, making it more readily attacked by enzyme
systems and broken down into glucose.
The biomass to ethanol process requires several steps
which will eventually occur in bio-refineries once the technolo-
gies advance to the point where the process becomes economi-
cal (Figure 3). The process begins with either a wet or dry
milled grinding step for mechanical size reduction. The materi-
al is then pretreated, typically with dilute sulfuric acid at tem-
peratures in the 160-200 oC range. The pretreatment is designed
to release the cellulose from the protective lignin while maxi-
mizing the surface area on the cellulose that is available for
attack by enzymes which breakdown the cellulose into simple
monomeric sugars (Figure 4). The hemicellulose is amorphous
in nature, so most of it breaks down to its simple sugars leav-
ing the rigid cellulose behind for the enzyme action. The sugars
are then fermented by yeast or bacteria into ethanol. Yeast has
been the predominant microorganism for fermentation in the
beverage industry, but recombinant type bacteria have recently
been engineered that, unlike yeast, are capable of metabolizing
both the five-carbon and six-carbon sugars and withstanding
harmful byproducts of the pretreatment process. Purification to
separate ethanol from the slurry is the final step.
The technology exists to make ethanol from biomass. The
barrier, by and large, is economics. While the feedstock is
cheap compared to the cost of corn, the process is more diffi-
cult and expensive as compared to ethanol production from
corn. The costs for pretreatment and enzymes for cellulose
hydrolysis remain prohibitive for the commercialization of bio-
mass on a large-scale. While there has been significant
progress, such as the development of lower cost enzymes and
thermal and chemical resistant bacteria strains, considerable
research and development is still needed to make the cellulose-
to-ethanol bio-refinery a reality. 
Figure 1. Linear chains of glucose linked in a crystalline structure
to form cellulose.
Figure 2. Linear chains of glucose linked in an amorphous structure
to form starch.
Figure 3. Biomass to ethanol process.
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The net energy debate and the environment
While hard to measure, the cumulative sum of farming,
collection, storage, and production of ethanol from biomass
may actually result in a net energy loss. A Cornell study esti-
mates between 29% and 57% more fossil energy is required for
ethanol production than the ethanol fuel produced. The
Department of Energy refutes this by a large margin, claiming
that biomass produces 6.8 BTU’s of energy for every BTU of
fossil energy consumed. One irrefutable fact is that the energy
content (BTU’s per gallon) of ethanol is 30% less than that of
gasoline, meaning if one gallon of gasoline moves a car 20
miles, one gallon of ethanol moves that same car just 14 miles. 
Nevertheless, ethanol has its advantages or the industry
would not have made it this far. The octane rating, a measure
of a fuel’s ability to resist knocks and pings, in an E10 blend is
two to three points higher than in ordinary gasoline. And, of
course, there are the environmental benefits associated with
reduced toxic emissions.
Why exactly does ethanol burn cleaner? It is revealed in a
life-cycle analysis that most CO2 emissions from a tailpipe can
be reduced by burning ethanol. This is because ethanol con-
tains 35% oxygen by weight, and more oxygen results in more
complete combustion and, hence, reduced harmful tailpipe
emissions. An E10 blend reduces smog generating emissions
like carbon monoxide by 25-30%, particulate matter by 50%,
and volatile organic compounds by 7% as compared to gaso-
line. Ethanol is also free from toxic compounds such as ben-
zene and sulfur that are present in gasoline. The CO2 released
by both the automobiles fueled by cellulosic ethanol and the
bio-refineries where the ethanol is produced becomes part of a
closed cycle since CO2 is absorbed back by living plant mate-
rial (Figure 5). In fact, growing biomass takes in more CO2 for
photosynthesis than is released into the atmosphere as opposed
to the use of gasoline which leads to a net accumulation of
CO2 in the atmosphere.
How much ethanol is currently produced in the U.S.?
Gasoline consumption over the past 36 years in this coun-
try has increased from 12 billion gallons per year to more than
160 billion gallons per year. Currently, the U.S. imports about
60% of the oil we consume. The U.S. has only 3% of the
world’s known remaining oil reserves but accounts for 25% of
global oil consumption. On the other hand, the U.S. is the sec-
ond largest ethanol fuel producing country after Brazil. About
four billion gallons of ethanol was produced in 2005 in this
country from 101 corn ethanol facilities. As of September
2006, 42 more facilities were under construction and seven
expansions underway. This will add 2.8 billion gallons of
capacity to the current 4.8 billion capacity which will exceed
the goal of the Energy Policy Act of 2005 for 7.5 billion gal-
lons of ethanol produced per year by 2012. The four billion
gallons of ethanol replaces just 2.5 % of the 160 billion gallons
of gasoline the U.S. burns per year, and there is simply not
near enough capacity or infrastructure for an immediate mas-
sive switch to E85.
Since biomass is a renewable source of energy, supply lim-
itations depend on the amount of land available for harvest
rather than the amount of underground reserves. Despite pro-
ducing about 41% of the world’s total corn supply, a multiple
feedstock approach using biomass will likely be necessary.
Different regions of the country could potentially support dif-
ferent feedstock. Most of the existing ethanol plants in this
country are situated in the Midwest, close to the corn. Because
shipping costs lead to higher prices for the end user, and the
gas consuming population is denser towards the coasts, this is
further motivation to develop cellulosic biomass-to-ethanol
technologies.
Figure 4. The result of pre-treating biomass. The hemicellulose,
lignin, and cellulose are separated, making the cellulose fibers
more accessible for attack by enzymes. 
Figure 5. The closed carbon cycle when fuel is produced from bio-
mass. C02 emitted from cars and biorefineries is absorbed back




Quoting Alexander Graham Bell from a 1917 issue of
National Geographic, “We need never fear the exhaustion of our
present fuel supplies so long as we can produce an annual crop
of alcohol to any extent desired.” For a bio-refinery to be viable
it is necessary to have a cost effective and sustainable supply of
feedstock. The U.S. has about two billion acres of land of which
33% is forests and 46% is agricultural land from which to har-
vest potential supplies. Annually more than 512 million dry tons
of biomass, which would produce 52.1 billion gallons of
ethanol, are available in the U. S. at a cost of up to less than
$50/dry ton, and by 2030 there is expected to be 1 billion dry
tons of sustainable lignocellulosic feedstock available per year.
The cost of feedstock is the combination of collection, storage
and transportation, of which transportation will have the biggest
impact on the final cost. One possible economic model consists
of several small fermentation plants distributed near available
supplies.
Can our cars handle ethanol?
All cars built after 1979 are compatible with E10 blends.
Flexible fuel vehicles, FFV’s, have been manufactured since
1998 and are designed to burn straight gasoline, E85 or any
gas/ethanol blend in between. In addition to conventional gaso-
line models, several manufacturers are providing alternative
FFV models. The list of available models is already quite
extensive: Ford Taurus, Ranger & Explorer; Dodge, Chrysler
and Plymouth minivans; Dodge Stratus and Chrysler Sebring;
Chevy Avalanche, S-10, Silverado, Tahoe and Suburban; GMC
Sonoma, Sierra, Yukon and Yukon XL; Mercedes Benz C320
and C240; Mazda B3000 pickup; Mercury Sable and
Mountaineer; Nissan Titan; Isuzu Hombre pickup.
However, logistics still remains an obstacle to the advance-
ment of FFV’s in this country. Among the roughly 170,000 gas
stations in the U.S., fewer than 800 sell E85. Even with more
FFV’s finding their way onto the road, most owners still have
to fill up the tank with gasoline, or at best an E10 blend.
Who supports ethanol? 
Cleaner air is a nice outcome, but ultimately the environ-
ment is not what motivates investment. With a little help from
gravity, money is still what makes the world go round. The
ethanol industry in the U.S. and its 150,000+ jobs boosted
household income by $5.7 billion in 2005. Further growth of
the industry will create new jobs, boost local economies, and
expand the government’s tax base. Projections of future growth
estimate the addition of 10,000 to 20,000 jobs for every billion
gallons of ethanol produced.
Support may best be measured by the amount of invest-
ment dollars. In 2005, $17 billion was invested in clean-energy
projects in the U.S. Much of it has come from multibillion-dol-
lar hedge fund groups such as S.A.C Capital Advisors and D.E.
Shaw & Co., but individuals from other industries, like Virgin
Group CEO Richard Branson and General Electric CEO
Jeffrey Immelt are investing heavily in green ventures.
Berkshire Hathaway’s Warren Buffett, Microsoft’s Bill Gates,
Google’s Larry Page and Sergey Brin, and Sun Microsystems
co-founder Vinod Khosla are also attracted to the potential of
the ethanol industry. The most significant boost may come at
the retail end. Wal-Mart announced in June 2006 that it was
considering selling E85 at its 380 gas stations. The impact, if
such a move were to occur, could make E85 a mainstream
word.
What about the rest of the world? 
Brazil is the world’s largest producer of ethanol from bio-
mass, providing more than a million jobs in the industry. Brazil
has the advantage of an extensive sugarcane crop, which makes
for an efficient feedstock because of its high sugar content.
Nearly half of sugarcane dry matter consists of sucrose which
means time and costs associated with the preliminary pretreat-
ment steps required for converting cellulosic materials can be
bypassed. The process only requires extracting molasses from
the sugar cane, which is then fermented using a yeast strain
that can grow on sucrose, and then a simple separation step
extracts the ethanol from the fermentation tank. Additionally,
the Brazillian industry is profitable because it requires less
work and fertilizer to grow sugarcane than corn, has cheaper
labor costs, and has fewer environmental regulations.
Approximately 75% of the cars sold in Brazil are FFV’s.
Both E100 (100% ethanol) and an E25 blend are available
throughout the country. Consumers buy whichever happens to
be cheapest at the pump. In 2003 and 2004, ethanol sold for
45% less per liter than gasoline. In addition to the four billion
gallons of ethanol consumed in 2004, Brazil exported around
202 million gallons of ethanol to other countries. 
India is the second largest producer of sugarcane in the
world and is at the initial stages of using ethanol as an automo-
tive fuel. In India, ethanol is being produced from bagasse,
which is the biomass left over after the sugar is extracted from
sugarcane. Since the primary feedstock is a byproduct, India
may have a better future in ethanol than Brazil since Brazil’s
main feedstock is also a valuable food source. So far, ethanol
produced in India has been primarily used as an oxygenator in
gasoline and exists as a 5% blend in gasoline.
China is home to the world’s largest ethanol distillery (the
Jilin Tianhe Ethanol Distillery) and is now the world’s third
largest ethanol producer with an annual production of about
one billion gallons being produced from corn, rice, and the
starch-rich cassava root. China, with its dependence on gas and
oil to fuel its rapidly growing economy, initiated an ambitious
push towards ethanol in 2001. At the time, producing ethanol
was seen as a means for using up its grain surpluses and adding
Fall/Winter 2007
19
value to its agricultural commodities. Five years later the
ethanol push is endangering the food security of its 1.3 billion
people. The surpluses are gone and China is increasingly
importing more grain. For example, The Tianguan Distillery in
Henan has contracted with the government of Laos to lease 15
square kilometers of land for the production of cassava-based
ethanol. In order to meet its goal of doubling ethanol produc-
tion capacity by 2010, China will need to figure out a way to
become self-sufficient and make the best use of its massive
land area, which likely means developing cellulosic ethanol
technologies.
What is the future of ethanol in the U.S.? 
Until now, ethanol has advanced in the marketplace as an
oxygenator used in low percentage blends and would not have
made it this far without the help of federal subsidies in place
since 1978. The current subsidy is $0.51 for every gallon of
ethanol blended into gasoline, which is roughly one third of
what it costs to make. Future political support for subsidies is
not a given, so ethanol will have to compete one day with
crude oil on its own merits.
All ethanol currently produced in this country is made
from corn by a mature process without much room for signifi-
cant reduction in production costs. Cellulosic biomass sources
are inexpensive, and an opportunity exists to dramatically
reduce the cost of making ethanol if ongoing efforts in biomass
conversion are successful. A joint USDA/DOE study found that
there are potentially enough agricultural resources to sustain-
ably produce 60 billion gallons of ethanol per year if agricul-
tural residues and dedicated energy crops were well managed
and properly harvested. While this would maintain or add to
the crop value for farmers, the question remains as to the
effects of long-term removal of crop residues from the ground.
Before the ethanol industry can ride the back of agricultur-
al residues and other cellulosic sources, advancements must
still be made in engineering and fundamental biological
research. Improvements need to be made in collecting, storing,
and transporting feedstock. Innovation is needed to improve
the output from biochemical and thermochemical conversion
processes to provide higher quality fermentable sugar streams.
Eventually all the new technology and processes need to be
integrated into a large-scale bio-refinery.
Essentially, the usefulness of biomass comes down to how
much it costs to make a gallon of ethanol. The President’s
Advanced Energy Initiative calls for accelerated research and
development in order to make cellulosic ethanol competitive by
2012. The Department of Energy’s Office of Energy Efficiency
and Renewable Energy has set a cost goal of $1.07/gallon by
then. For this to become feasible, cohesive concentrated efforts
are required from government, industry, and the financial sec-
tor.
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Computer simulations were performed to compare the ther-
mal performance of several conventional passive solar heating
systems, including direct gain, concrete wall indirect gain and
water wall indirect gain, with a novel heat pipe augmented pas-
sive solar system. Heat pipes provide one-way heat transfer
into the building during sunny days, with little heat loss out of
the building during nighttime and cloudy days. Simulations
were performed for Louisville, KY, Albuquerque, NM, Rock
Springs, WY, and Madison, WI. Results showed that the direct
gain system performed well in cool and sunny Albuquerque,
but produced a net loss in cold and cloudy Madison. The indi-
rect gain systems performed better than direct gain in all loca-
tions but Albuquerque. The water wall system provided greater
gains than the concrete wall in all climates. The heat pipe sys-
tem performed significantly better than all other systems in all
climates. The heat pipe system was especially advantageous in
cold and cloudy Madison. In Louisville, the solar fractions
were 22.4%, 30.8%, 38.8% and 50.7% for direct gain, concrete
wall indirect gain, water wall indirect gain and heat pipe sys-
tems, respectively. These performance values were better than
those in Rock Springs, which is sunnier but colder, and consid-
erably better than Madison, which is colder but only slightly
cloudier. Though Louisville receives relatively low solar radia-
tion during the winter, it remains a favorable climate for solar
heating because of its mild winter temperatures.
Introduction
Future energy supply and demand – Per capita energy
demand in the United States is rising slowly, however, in
developing countries such as China and India, demand is esca-
lating rapidly. Combined with growing population, the increas-
ing per capita appetite for energy is expected to result in a
tripling of total world energy needs over the next thirty years
[Dahl & McDonald 1998]. Over the same period, world oil and
gas production are expected to peak and gradually decline, cre-
ating a widening gap between demand and supply from con-
ventional sources. In fact, many scientists expect declining pro-
duction within the next decade [Campbell 2006], as most major
resources, including those in the Middle East and Russia have
reached or are nearing their peaks. The United States, which
currently imports over 60% of its oil [Energy Information
Administration 2006], reached its peak of oil and gas produc-
tion in 1970 and 1973 [Tester, et al. 2005], respectively, and
already faces declining production of these fossil fuels in the
future. Therefore, the US will become more dependent on for-
eign sources of energy in an increasingly stressed world energy
market, resulting in higher consumer costs, unless technologies
for conservation, efficiency and alternative energy are actively
pursued.
Environmental impacts - Perhaps more important than ris-
ing energy prices or potential energy shortages is the growing
evidence that combustion of fossil fuels is largely responsible
for nearly doubling atmospheric carbon dioxide concentration
since the mid-1800’s [Tester, et al. 2005], which is affecting
global climate. Though the world has over 200 years worth of
coal reserves available with current recovery technology
[Tester, et al. 2005], coal has the highest concentration of car-
bon of all fossil fuels and is, unfortunately, the worst polluter
in this regard. Computer simulations predict a global average
temperature increase of 2o-6oC over this century [Tester, et al.
2005], depending on population, energy use and atmospheric
assumptions. Also predicted are localized areas of severe
weather and drought, and an estimated increase in sea level of
10–25 cm based on thermal expansion of sea water alone,
which could have serious cultural, logistic and economic
impacts on coastal areas. 
To limit environmental impacts to current levels, approxi-
mately two thirds of total energy consumption must be convert-
ed to non-carbon emitting by 2036. Technologies including
conservation, increased efficiency, alternative energy, scrub-
bing of carbon emissions, geoengineering to increase earth
reflectance, biological carbon sequestration and ocean fertiliza-
tion have been proposed. The enormity of the task suggests that
all these approaches may need to be aggressively pursued.
Non-carbon emitting alternative energy sources are technically
feasible, including solar, wind, geothermal, tidal and alternative
hydropower. Of these, solar energy is perhaps the most plenti-
ful. In fact, the amount of solar power striking Kentucky
exceeds the world’s power usage (year 2000 estimates) by
about 25%.
Passive Solar Heating Strategies for Kentucky’s Moderately Cold and
Moderately Sunny Climate
Michael Albanese, Charles Boulware, Ellen Brehob and M. Keith Sharp




Passive solar space conditioning - A particularly attractive
avenue for saving energy and preserving the environment is to
use solar energy for space conditioning, i.e., heating, ventilat-
ing, air conditioning and lighting (HVACL) of our homes,
offices and commercial and industrial buildings. HVACL com-
prises a large portion of US energy use, an estimated 17% of
total and 60% of electrical energy (National Renewable Energy
Laboratory website). Experience has shown that if energy-con-
scious passive solar design is followed for new buildings, sav-
ings of around 25% can be expected with no increase in build-
ing cost by orienting the building, configuring the interior
spaces and distributing windows to provide solar gains. Greater
savings can be obtained with small investments (typically 10%
greater building cost can provide up to 50% energy savings in
favorable climates).
While passive solar design principles can also be used to
reduce cooling loads and provide ventilation and daylighting,
this paper will focus on an obvious and important application –
passive solar heating. In climates with cool sunny winters, such
as the southwest US, there are a wide variety of passive solar
systems that can produce net heat gains. These systems offset
heating loads that must otherwise be supplied by conventional
sources, such as oil, gas and electricity. As the climate becomes
colder, net heat gains decrease due to losses that occur when
the sun is not shining, i.e., during nighttime and cloudy days.
An increasingly cloudy climate similarly increases nighttime
and cloudy day losses, reduces net heat gains and limits
options for passive solar design. This paper will highlight
strategies, including a new system design involving heat pipes,
to enhance performance of passive solar systems in cold and
cloudy climates such as Kentucky.
Types of passive solar heating systems - Passive heating
systems can be classified as direct gain, indirect gain, sunspace
and isolated gain systems. Each type of system has characteris-
tics that tend to produce good thermal performance in different
applications. In direct gain systems (Fig. 1), the living space,
such as a bedroom, living room or kitchen, is directly heated
by solar radiation through a south-facing window. This type of
system provides quick response for heating the living space
early in the morning. For systems with a relatively large win-
dow area compared with the floor area of the living space, ther-
mal mass should be incorporated, for instance, by using a con-
crete slab floor, to moderate temperature swings and prevent
overheating in the living space. The disadvantage of direct gain
systems is that windows have much lower resistance to heat
loss (about R-2 for a typical double-pane window) than an
insulated wall (about R-11 for a 4 inch wall or R-19 for a 6
inch wall). Thus, the south wall loses more heat during night-
time and cloudy days than a non-solar wall, and the system
performance depends on solar gains exceeding these incremen-
tal losses. For climates with many cloudy days and/or cold
temperatures, the solar gains on infrequent sunny days may not
offset the added losses. For Kentucky’s moderately cold and
moderately sunny climate, properly designed direct gain sys-
tems work well.
In indirect gain systems (Fig. 2), an intermediate storage
element between the south-facing glazing and the living space
is heated by the sun. This storage element is typically a con-
crete wall (called a Trombe wall for its inventor) or a water
wall (water in a number of different types of containers), but
could be any thermal storage material. The storage element
absorbs heat and then passes the heat to the building interior.
For concrete walls, the peak temperature on the inside of the
Figure 1. Direct gain system schematic. Solar energy passing
through glazing is absorbed by a storage material in the living
space.
Figure 2. Indirect gain system schematic. Solar energy passing
through glazing is absorbed by a storage material located between
the south wall and the living space.
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wall (toward the living space) lags behind the peak temperature
on the outside of the wall (the absorber side) by several hours.
This lag can provide a better match between the heat delivery
and the heating load, which is usually highest at night. The
temperature difference across a water wall is minimal due to
thermal convection, but the mass of the water still provides a
moderated delivery of heat to the living space. The thermal
resistance of an indirect gain system is greater than a direct
gain system, but is still much lower than an insulated wall.
Therefore, the indirect gain system suffers from nearly the
same limitations as the direct gain system in cold and cloudy
climates.
Sunspace, or greenhouse, systems (Fig. 3) feature a sec-
ondary space – the greenhouse – between the glazing and the
thermal storage wall. The sunspace system provides the same
temperature moderating advantages for the primary living
space as the indirect gain system, as well as adding the benefits
of an indoor garden. If the sunspace temperature is allowed to
swing and no auxiliary heating is used to heat the sunspace,
then the performance of the sunspace system can be similar to
that of indirect gain. If sloped glazing is used that is more per-
pendicular to the wintertime rays from the sun, then the sun-
space can have greater performance. If, on the other hand, the
sunspace is heated at night, then daytime gains can be negated
and sunspace system performance can be less than for an indi-
rect gain system.
Isolated gain systems (Fig. 4) incorporate solar collectors
that are separated from the living space. A circulating fluid
transfers heat from the collector to the living space or to the
thermal storage element and then to the living space. Isolated
gain systems are similar to active solar heating systems except
that circulation is accomplished without added power, for
instance, by thermosyphon. Because the collectors must be
located below the living space for the heated circulating fluid
(normally air) to rise to the living space, opportunities for
installing these systems are limited. Homes built on south-fac-
ing slopes, for instance, can have collectors located below the
house. 
The main disadvantage of passive solar systems, with the
exception of the thermosyphon isolated gain system, is that the
solar aperture has thermal losses that are greater than a typical
non-solar insulated wall. Net heat gains are produced only
when daytime solar gains exceed nighttime and cloudy day
losses. Thermosyphon systems avoid the problem of nighttime
and cloudy day losses, because circulation only occurs when
the collector is hotter than the living space. Note that direct
gain and indirect gain system performance could be significant-
ly improved by adding insulation during nighttime and cloudy
days. However, to achieve performance similar to isolated gain
systems, the moveable insulation would need to have thermal
resistance comparable to an insulated wall, i.e., R-11 to R-19.
Such insulation units would necessarily be thick and large, and
would, therefore, present aesthetic challenges for storing the
insulation during the day. Additional complications arise for
manual or automatic installation and removal of the insulation
each day.
Heat pipes (Fig. 5) are essentially thermosyphoning
devices, but with some important differences. In a heat pipe,
energy is absorbed in the lower (evaporator) end of the pipe by
boiling a liquid. The resulting vapor rises to the upper (con-
denser) end and transfers the energy there by condensing back
to the liquid phase. The liquid then falls back to the evaporator
end to complete the circuit. Note that, just like single-phase
thermosyphon systems, heat pipes have virtually no heat loss in
the reverse direction. This feature has prompted heat pipes to
be called “thermal diodes.” Important distinctions relative to
single-phase thermosyphon systems include the following.
Figure 3. Sunspace (greenhouse) system schematic. Solar energy
passing through glazing is absorbed by a storage material located
between the sunspace and the living space.
Figure 4. Isolated gain system utilizing thermosyphon. Solar energy
passing through glazing is absorbed by a remote collector unit.
Heat is circulated to a storage material.
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First, phase change greatly increases the rates of heat transfer
at both ends. Second, fluid flow, which is driven in ther-
mosyphon systems by the density difference between the light
rising fluid and the heavy falling fluid, is larger because vapor
is much lighter than liquid. This greater driving force allows
heat pipes to operate effectively with only a small difference in
elevation between the evaporator and condenser ends, which
allows close integration of collector, storage and living space
heating functions in a passive solar system (Fig. 6). As shown
in Fig. 6, the absorber and storage can be located at the same
level, with heat pipes passing through the insulated wall to
connect the two. 
Several types of thermal diode devices were reviewed by
Susheela & Sharp [2001]. Trefethen [1970] studied heat trans-
fer in slightly inclined horizontal tubes filled with liquid.
Trefethen & Chung [1978] studied single-phase heat transfer in
inclined parallelogramic cavities between two walls at different
temperatures. Jones [1986] studied a convective diode consist-
ing of a water-filled rectangular reservoir with a vertical slot
(referred to as a tongue) connected by an offset channel. 
Phase change materials and fluids have also been used in
passive solar heating applications not involving heat pipes. For
instance, Faunce, et al. [1978] used Glaubers salt as the storage
medium with thermosyphoning vertical collectors. Askew
[1978] simulated a passive solar system with rotating storage
panels containing n-Octadecane backed by insulation and
placed behind double glazing on a south-facing wall. 
Bairamov & Toiliev [1981] used heat pipes to connect
solar collectors to a water-filled storage tank and found storage
tank temperatures 10o-11o C greater than in a similar system
without heat pipes. Evacuated tube heat pipe solar collectors
for active systems are commercially available [Walker 2006]
and a novel thin membrane heat pipe collector has been evalu-
ated [Riffat, et al. 2005]. Muramoto, et al. [1985] conducted
experiments applying heat pipes in several configurations,
including panel heating and Trombe wall systems, and con-
cluded that heat pipes were well-suited to these applications. 
Corliss, et al. [1979] conducted a detailed study of a heat
pipe augmented passive heating system with different heat pipe
materials, working fluids and collector configurations.
Simulations of heat pipe and conventional passive solar sys-
tems performed for Madison, WI, Phoenix, AZ, Albuquerque,
NM, and Columbus, OH, demonstrated higher efficiency for
the heat pipe system in all locations. The collector configura-
tion chosen for experiments incorporated six individual black
coated absorber plates with grooves into which the evaporator
end of the heat pipes were epoxied. The condenser end of the
heat pipe extended into an individual water-filled tank on the
opposite side of an insulated wall. The absorber and water tank
assembly was mounted in a frame adequate for supporting roof
loads, so that the system would serve as a structural element in
the wall of the house. The heat pipes were inclined 5o from
horizontal for gravity driven return of the Freon-21 working
fluid to the evaporator section. Van Dijik, et al. [1983] per-
formed a detailed analysis similar to that of Corliss, et al.
[1979] in analyzing the thermal, economic and manufacturing
aspects of a heat pipe system. Their system was similar to that
of Corliss, et al., except that an additional insulating panel was
used between the room and the storage to regulate thermal con-
ductance between these two elements. Saman, et al., [1989]
also studied heat pipes for reducing the heat load of walls.
Susheela & Sharp [2001] performed computer simulations
comparing a heat pipe system to water wall and Trombe wall
systems in Madison, WI, Albuquerque, NM, and Salt Lake
City, UT. Thermal performance advantages for the heat pipe
system were found in all locations. They also tested a prototype
heat pipe system that achieved 60 – 80% heat pipe efficiency
during sunny days. In contrast to earlier configurations, the
Susheela & Sharp system was designed to be installed in two
parts, a collector unit on the outside of the existing south wall
and a storage unit inside the south wall. Flexible hoses passed
Figure 5. Heat pipe schematic. Heat is transferred one direction
only – by boiling in the evaporator end and condensing in the con-
denser end.
Figure 6. Isolated gain system utilizing heat pipes. Solar energy
passing through glazing heats an absorber plate. Heat pipes trans-
fer energy from the absorber through an insulated wall to a storage
material.
through the wall to connect the evaporator and condenser sec-
tions of the heat pipe. This arrangement allows more conven-
ient installation on existing homes. By comparing experimental
results to computer simulations and to empirical heat transfer
analysis, they concluded that improvements in heat pipe effi-
ciency might be gained by adding fins to the inside of the con-
denser section, by optimizing the fluid fill fraction and by insu-
lating the heat pipe between the evaporator and condenser sec-
tions. 
A new study is being undertaken at the University of
Louisville to compare the thermal performance and economic
viability of a passive solar heat pipe system to that of other
types. The study will include computer simulations of heat pipe
systems with a range of performance enhancing features. Of
particular interest are improvements in heat transfer between
the absorber and the heat pipe and between the heat pipe and
storage. Preliminary comparisons of a baseline solar heat pipe




Performance of the passive solar systems was simulated
with thermal network algorithms adapted from Susheela &
Sharp [2001]. The systems were divided into a number of inter-
connected isothermal nodes (Fig. 7). The concrete storage ele-
ments of the direct gain and indirect gain systems incorporate
surface nodes and four internal nodes to account for transient
temperature gradients within the material. The water storage
elements of the heat pipe and indirect gain systems use a single
node, because natural convection keeps temperature differences
small within the fluid. The conductance values were chosen to
produce the same rate of heat loss through the nonsolar parts of
the building for each system. Losses to ambient through the
south glazing were deducted from the solar gains to determine
the net contribution of the solar heating system to the heat load
of the building. For the heat pipe system, two parallel conduc-
tances modeled the one-way transfer of heat by the heat pipe
and the losses through the insulation between the absorber and
the water wall.
The energy flow between two typical nodes i and j was
assumed to be linearly related to the temperature difference
between the nodes 
where the heat transfer coefficient Kij may depend on the nodal
temperatures. The energy balance for the ith node is given by
where Mi is the product of specific heat and mass of the i
th
node and Ei is the direct energy gain of the i
th node. Equation 2
written for all nodes yielded a set of equations that were solved
simultaneously to determine the temperatures of these nodes as
a function of time, beginning with a set of initial node tempera-
tures at time t. The temperatures of the nodes at the next time
step t + rt was computed by integrating equation 2 from t to
rt. A backward-difference scheme was used to discretize the
derivative in equation 2 for small time step rt
where the subscript zero refers to conditions at the previous
time step t. The set of equations for all nodes was solved by
matrix algebra. If any values of Kij depended on node tempera-
tures, iterations were used to converge to a matched solution.
When the room temperature exceeded preset comfort limits,
the room temperature was reset to the limit, and the vented or
auxiliary heat necessary to maintain room temperature was cal-
culated.
Comparison of systems in four climates
Simulations were performed for the four different climates
of Louisville, KY (a cool and cloudy climate), Albuquerque,
NM (cool and sunny), Madison, WI (cold and cloudy), and
Rock Springs, WY (cold and sunny). As shown in Fig. 8,
Louisville and Albuquerque have similar mean January temper-
atures, but Albuquerque experiences greater solar radiation in
January. Similarly, Madison and Rock Springs are both cold,
but Rock Springs is sunnier. Parameters were fixed at values
suggested by Corliss, et al. [1979] (Table 1). Conductance and
thermal mass values are given in Table 2. TMY2 weather data
was used in these simulations. 
Results
Simulation results comparing the relative performance of
direct gain, concrete wall, water wall and heat pipe systems in
Louisville, Albuquerque, Rock Springs and Madison are shown
in Fig. 9. All the systems had impressive performance in
Albuquerque. Here, the direct gain system provided a greater
solar fraction than the concrete wall and nearly as great as the
water wall. The heat pipe wall in Louisville provided solar
fractions similar to Rock Springs, but the other systems had
significantly lower performance in Rock Springs, with the
direct gain system exhibiting about half the solar fraction of
Louisville. In Madison, the solar fraction for direct gain was
negative. The heat pipe wall provided 15.3%, 30.5%, 38.1%
and 53.6% higher relative solar fraction than the water wall in
Albuquerque, Louisville, Rock Springs and Madison, respec-
tively. The heat pipe wall exhibited 42.8%, 64.7%, 82.4% and








126%, 278% and an undefined percentage (because the
Madison solar fraction is negative) greater than direct gain in
the same locations. 
Discussion
A significant advantage of direct gain is that solar gains
heat the room more directly and, thus, reduce the need for aux-
iliary heating sooner than is possible with an unvented indirect
gain system. A disadvantage is that this more direct heating
promotes overheating later in the day in systems with high
solar fraction. It appears that in the sunny climate of
Albuquerque, the quicker morning gains offset losses associat-
ed with venting of excess heat in the afternoon. The high night-
time and cloudy day losses through the solar glazing in the
cold climate of Madison overpower the low solar gains and
prevent the direct gain system from contributing positively to
the heating load of the building. Thermal mass placed between
room and ambient helps considerably in this challenging cli-
mate, allowing the concrete and water walls to produce
respectable solar fractions. The water wall system provides bet-
ter performance than the concrete wall in all climates, since the
natural convection reduces temperatures on the absorber side of
the wall and increases solar collection efficiency. 
In Louisville, the relative mildness of the winter heating
season allows all passive solar heating systems to achieve high-
er solar fractions than their counterparts in Rock Springs, in
spite of the considerably higher solar radiation available there.
Nonetheless, significant differences in solar fractions among
Figure 7. Thermal networks for the passive solar systems.
the systems are evident in Louisville. The concrete wall per-
forms 37.4% better than direct gain, water wall does 26.2%
better than concrete wall, and the heat pipe system is 30.5%
better than water wall.
The heat pipe system provides the highest solar fraction in
all locations. The heat pipe keeps absorber temperature low,
and maintains low nighttime and cloudy day losses due to the
one-way heat transfer feature. These losses can be reduced in
direct gain and indirect gain systems by adding moveable insu-
lation, however, such insulation systems require automatic or
manual control and can present architectural challenges for
storage of the insulation material during the day. One conven-
ient moveable insulation product comprises a thick fabric
(Window Quilt tm) that is rolled up like a window blind above
the solar glazing, but its insulation value is only R-3.8. This
added insulation would significantly improve system perform-
ance, however, to reach solar fractions similar to the heat pipe
system, a moveable insula-
tion value similar to that
of the fixed insulation in
the heat pipe wall would
be required, which is more








ences in thermal perform-
ance among several pas-
sive solar heating system
types. For the values of
parameters simulated, the
direct gain system provided positive gains for all
but the cold and cloudy climate of Madison, and
performed better than indirect gain in the cool
and sunny climate of Albuquerque. The concrete
and water wall indirect gain systems exhibited
performance significantly better than direct gain
for all locations except Albuquerque. The water
wall system produced higher solar fractions than
concrete wall in all climates. The simulations
showed that the heat pipe system performed bet-
ter than all other systems, and was especially
advantageous in cold and/or cloudy climates.
Only Albuquerque produced higher solar
fractions for the same system than Louisville. In
cool and cloudy Louisville, all systems performed
better than in cold and sunny Rock Springs, with
direct gain in Louisville providing nearly twice the solar frac-
tion of Rock Springs. All systems in Louisville performed
much better than in colder, but similarly cloudy, Madison.
Though Louisville receives less solar radiation in the winter
than other locales, it is nonetheless a favorable environment for
solar heating, because of its relatively mild winter tempera-
tures.
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On October 20, the Kentucky Energy Summit, ”Unbridled
Energy: The Industrialization of Kentucky’s Energy Resources
– Leading the Way to Energy Independence,” was held in
Louisville. At the summit, Governor Ernie Fletcher, Senator
Jim Bunning, national energy industry leaders, and state energy
officials discussed what Kentucky is doing to ensure reliable
energy for national security and economic growth in a politi-
cally unstable, carbon-constrained, world. The following
describes Kentucky’s policies, programs, and activities in this
regard. In this article, emphasis will be on policies, programs,
and activities for the production of transportation fuels and
synthetic natural gas from coal or agricultural materials.
Kentucky, through the Governor’s Office of Energy Policy and
other agencies, has numerous other policies, programs, and
activities relating to coal, agricultural materials, and the
Commonwealth’s other important energy resources, including
renewables and energy conservation. These may be mentioned
as part of Kentucky’s comprehensive energy strategy; however,
elaboration of the policies, programs, and accomplishments
relating to these will not be provided in this article. 
In his keynote address to the summit, Governor Fletcher
stated that Kentucky must again become a leader in new ener-
gy technology relating to clean-coal, biofuels, and other cut-
ting-edge applications. He explained that technology for pro-
ducing transportation fuels from coal and biomass and for pro-
ducing synthetic natural gas from coal, in combination with
energy conservation and development of renewable energy
resources such as solar, wind, and hydropower, is key to reduc-
ing America’s growing dependence on imported oil, ensuring
national security, and creating jobs and economic growth for
the nation. The Governor pointed out that modern technology
enables energy production to be increasingly environmentally
sound. Referring to public concern over the potential effects of
energy production upon the global climate, Governor Fletcher
stated that, whether global climate change is a threat or not,
“the fact is that we do have an important responsibility to be
good environmental stewards.” Governor Fletcher also
announced that he had promulgated an executive order moving
the Kentucky Office of Energy Policy from the Commerce
Cabinet and placing it in the Office of the Governor. 
Kentucky’s Comprehensive Energy Strategy
The energy goals enunciated by Governor Fletcher at the
Kentucky Energy Summit are an extension of Kentucky’s cur-
rent comprehensive energy strategy (www.energy.ky.gov/). In
2004, the Governor created the Commonwealth Energy Policy
Task Force and charged it with developing Kentucky’s first
comprehensive energy strategy. In his charge to the Task Force,
he outlined three principles to guide policy development: 
1. Maintain Kentucky’s low-cost energy;
2. Responsibly develop Kentucky’s energy resources; and
3. Preserve Kentucky’s commitment to environmental
quality.
The Commonwealth Energy Policy Task Force traveled
throughout Kentucky, holding public meetings with private cit-
izens, representatives of environmental organizations, industry
leaders, officials of state and local government, educators, civic
leaders, and others. Over 60 organizations and numerous indi-
viduals provided statements or comments. The comprehensive
energy strategy that resulted from the work of the task force
contains 54 recommendations. Six of the recommendations
relate to assessing the Common-wealth’s future electricity gen-
eration needs, ensuring that these will be met in a timely and
economical manner, and encouraging the use of renewable
resources in electricity generation. Nineteen of the recommen-
dations relate to increasing the Commonwealth’s production
and use of coal with attention to for the environment and safe-
ty; these recommendations include development of clean coal
technologies and of new and innovative markets for Kentucky
coal. Other recommendations relate to other areas of energy
resource development including oil and gas resources, energy
conservation and efficiency, and renewable resources. 
The comprehensive Kentucky energy strategy creates a
partnership of state government, industry, and the
Commonwealth’s universities to ensure the wise development
and use of Kentucky’s energy resources. The comprehensive
Kentucky energy strategy is multi-faceted, calling for develop-
ment of all of the Commonwealth’s energy resources. It is tech-
nology-centered, recognizing that technologies currently exist
and are being perfected for producing clean energy from the
Commonwealth’s vast coal and agricultural resources and from
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other energy resources. The strategy insists on the protection of
Kentucky’s environment recognizing that Kentucky is one of
the nation’s leading states in energy-production and consump-
tion. Finally, the strategy recognizes the contributions that
Kentucky’s energy resources, especially coal, make to the
growth of the Kentucky economy and to the well-being of its
citizens 
Kentucky Energy Policy in the 1970’s and 1980’s
Kentucky’s comprehensive energy strategy, titled
“Kentucky’s Energy – Opportunities for Our Future,” establish-
es the vision central to Kentucky’s reasserting the leadership it
attained among the states during the 1970’s and 1980’s in the
development of technologies for production of liquid and
gaseous fuels from coal, agricultural materials, and oil shale. In
response to recurring shortages of oil and petroleum products
in those years and the threats that these posed to America’s
economic growth and national security, the Commonwealth
built, equipped, and staffed an energy laboratory valued at over
$13 million in 1977 dollars, created the Energy Cabinet, and
established by legislation a $55 million trust fund (in 1974 dol-
lars)to be used to attract research and production facilities to
the Commonwealth. With these resources, Kentucky by the
early 1980’s initiated 13 major projects for producing trans-
portation fuels, synthetic natural gas, and chemicals from coal.
Four of these projects, in Western Kentucky, would have used
over 28 million tons of coal, would have employed thousands
of construction workers and miners, and would have produced
in total the equivalent of 170,000 barrels per day of transporta-
tion fuel. The plants were the vanguard of development of a
national industry, technologically and environmentally
advanced, that would have greatly reduced the nation’s depend-
ence on imported energy. However, as the projects neared the
bricks and mortar stage, a steep decline in world oil prices,
engineered in large part by OPEC, pushed the price of oil
below the level at which the plants could produce cost-compet-
itive fuels from coal. The U.S. Synfuels Corporation, the federal
entity formed to provide financial and other support for synfuels
projects, was terminated in 1986, and the plants were not built. 
While asserting national leadership in development of fos-
sil fuels, Kentucky also developed leading programs for devel-
oping other energy resources. Kentucky was one of only a few
states that had a comprehensive energy program comparable to
the United States Department of Energy. Alongside extensive
RD&D programs relating to converting coal to liquid and
gaseous fuels in the 1970’s and 1980’s, Kentucky assessed the
potential for development of alternative energy resources in the
Commonwealth, including oil shale, tar sands, and renewables,
and supported the development of these through tax and finan-
cial incentives and research and demonstration. Kentucky also
conducted numerous programs designed to expand market
opportunities for its coal. 
Although, by the mid-1980’s, the world energy situation
was no longer conducive to the development of transportation
fuels and synthetic natural gas from coal or the development of
oil shale and other unconventional petroleum resources, the
federal government and the states have continued active and
comprehensive energy programs designed to ensure adequate,
reliable, and economical energy with care for the environment.
Research and development has continued with the goal of
reducing the costs of producing liquid and gaseous fuels and
chemicals from coal. The Clean Coal Technology Program was
begun in the 1980’s to develop and prove at commercial scale
advanced technologies for reducing emissions from coal-fueled
facilities; the program invested over $5 billion which led to the
development and demonstration of 20 advanced technologies
for cleaning coal and reducing emissions of criteria pollutants.
Research continues on enhanced oil and natural gas recovery.
Energy conservation programs have been expanded and have
achieved significant savings for consumers. Production of
ethanol and biodiesel has increased substantially. The environ-
ment became increasingly a major factor in energy policy,
becoming as it were part of the “Three E’s” equation – energy,
economy, and environment – and great progress has been made
in protecting and improving the environment. Perhaps the
greatest environmental success has been in cleaner generation
of electricity. Since the mid 1970’s the use of coal in electricity
generation has increased by 120 percent while emissions of
sulfur dioxide have decreased by more than half. 
Current Kentucky Energy Strategy
A. The Background: Increasing Reliance on Foreign
Energy Sources
One of the speakers at the Kentucky Energy Summit stated
with some irritation that the United States still does not have an
energy policy. The next speaker stated that there is an energy
policy and that it has accomplished a good deal; however he
agreed that current energy policy is not capable of ending
America’s growing reliance on imported petroleum and petro-
leum products. The United States now imports almost 60 per-
cent of the oil it consumes. In an increasingly unstable world,
this growing reliance on foreign energy sources has serious
implications for the nation’s security and economic well-being.
America’s growing dependence on external sources of oil can
be explained by, first, a continual decline in oil production,
which peaked in the U.S. in 1971, and growth in population
and economic activity that is creating an increasing demand for
more oil. Along with oil, America is increasing its dependence
on imports of natural gas due to declining production and
increasing demand.
A senior official of Peabody Energy, the largest coal pro-
ducer in the United States, presented at the Kentucky Energy
Summit some statistics that illustrate how America’s energy
demand will grow in coming years. In 2005, the United States
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added 3 million people to its population, which now exceeds
300 million. In that year, Americans built over one million new
homes, started over 3 million new businesses, and flew over
800 trillion passenger miles. The U.S. Energy Information
Administration predicts that by 2030, the U.S. will require an
additional 33 quadrillion Btu of energy – equivalent to the
combined energy consumption of Germany, Italy, and the
United Kingdom. By 2030, the U.S. will require an additional
7 million barrels per day of oil over today’s 20 million barrels
per day – equivalent to the current production of Iran and
Venezuela. The nation will require an additional 4.5 trillion
cubic feet per year of natural gas over today’s 22 trillion cubic
feet – equivalent to current production of the Gulf of Mexico
plus Wyoming. By 2030, an additional 650 million tons of coal
per year will be required, more than 50 percent more than is
now produced. Finally, by 2030, 340 Gigawatts of installed
electric generating capacity will be required – equal to 250
nuclear power plants. According to the U.S. Census Bureau,
population could approach 500 million persons by 2050. 
B. The Background: World Energy Competition
The world energy situation has changed. In the 1970’s,
threats to America’s energy security came largely from the
OPEC countries that had developed the means of cooperating
to keep world oil prices at levels they desired. Occasional
episodes of political instability threatened America’s external
sources of oil; most notable was the Iranian revolution during
the administration of President Jimmy Carter. Today, while
OPEC continues to attempt to regulate the world price of oil,
world political instability has become endemic, and threats to
world oil supply have become pervasive. The top ten petroleum
exporting countries include Venezuela, Saudi Arabia, Nigeria,
Iraq, and Algeria, and these six marginally stable or marginally
friendly countries account for 45 percent of total world petrole-
um exports. 
The Peabody Energy official also presented at the
Kentucky Energy Summit strong evidence of world competi-
tion for oil, driven by what he referred to as the “Second
Industrial Revolution,” the phenomenal economic growth of
China, India, and other rising nations, most located in Asia.
The industrialization of these nations, especially of China and
India, is creating immense demand for energy. The Peabody
official pointed out that this explosion in demand is only get-
ting underway as the industrial revolution in China moves from
the coastal areas to the vast interior. In 2004, China’s oil con-
sumption increased by nearly 16 percent. China currently has
per capita annual energy consumption of 46 million Btu. If the
1.2 billion people in China had per capita oil consumption
equal to that of Mexico, demand would increase by 45 million
barrels per day. Today, the world production of oil is about 80
million barrels per day. India has over one billion people whose
per capita energy consumption is only 14 million Btu, less than
one-third China’s. Growth in energy demand there can only
increase at an explosive rate. Both China and India are building
a large part of their industrialization on their abundant
resources of coal. Daniel Yergin, President of Cambridge
Energy Resources Associates and author of Energy Future and
The Prize, testified before a Senate committee this year that,
whereas, in the 1970’s North America consumed twice as much
oil as Asia, in 2004 and 2005, Asia’s oil demand exceeded that
of North America. 
World demand for natural gas is also growing rapidly. As
America’s reliance on external sources of natural gas increases,
the result will be, in Yergin’s terminology, the international
commoditization of natural gas. Gas will increasingly be traded
on international energy markets and producers will have the
same kind of power over the economies of gas import-depend-
ent countries as OPEC countries now have over the economies
of the oil import-dependent ones. 
Kentucky’s Response
Kentucky’s Senator Jim Bunning, opened the conference
with a description of how the United States is becoming
increasingly dependent on foreign sources of petroleum, petro-
leum products, and natural gas and discussed S. 3325, the
Coal-to-Liquid Promotion Act of 2006 that he introduced this
year with Senator Barack Obama (IL) to provide financial
incentives for development of coal-to-liquids plants. Speakers
from the nation’s leading coal company and the nation’s lead-
ing producer of fuels derived from agricultural materials agreed
that technology is available to reduce the nation’s growing
dependence on foreign sources of transportation fuels and natu-
ral gas and to meet America’s growing need for electricity in
ways that are environmentally sound. A panel of state officials
described the roles of their agencies that affect the develop-
ment of advanced technologies for producing coal-to-liquids,
coal-to-gas, and biofuels. Representative Rocky Adkins
explained to the summit his concerns for America’s energy
security and how his vision of how Kentucky can help the
nation meet its challenges through the Commonwealth’s fossil
and agricultural material energy resources and university capa-
bilities. Consequently he introduced House Bill 299, the
Kentucky Energy Security National Leadership Act, which was
enacted by the General Assembly and signed by Governor
Fletcher on April 21, 2006. Representative Adkins outlined
how House Bill 299 requires the Governor’s Office of Energy
Policy to develop a strategy for developing coal-to-liquids,
coal-to-gas, and biofuels industries in Kentucky.
The Technological Focus
Technology is central to the federal and Kentucky efforts
to use coal and agricultural materials to produce transportation
fuels and synthetic natural gas. This is significant. To the extent
that America develops technologies to reduce its increasing
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dependence on foreign energy resources, the nation benefits
through new investment and employment. And, technology is
exportable. As China, India, and other developing countries
build the thousands of power plants, coal-to-liquids plants, and
other energy producing facilities to meet their burgeoning ener-
gy demands, it is imperative that they adopt the best technolo-
gy. The U.S. Department of Energy has had an active program
for finding ways to export America’s clean coal technologies to
create business opportunities for American manufacturers and
to improve the world environment. 
Coal, the nation’s most abundant energy resource, and
agricultural materials are the feed stocks to be used by the new
technologies. There are two coal conversion technologies. One,
direct liquefaction, converts coal at high temperature and pres-
sure in the presence of hydrogen and a catalyst, producing a
synthetic crude oil that can be refined into transportation fuels.
Direct liquefaction plants are not being planned in the United
States; however, there are large direct liquefaction projects
underway in China. The second technology is indirect liquefac-
tion. This process, known as Fischer-Tropsch technology, was
developed in Germany before World War II. It has been further
developed and perfected by South Africa where today the giant
SASOL Fischer-Tropsch complex produces nearly one-third of
the nation’s total gasoline requirements. In the Fischer-Tropsch
technology, coal is converted into a gaseous product stream
called “syngas,” made up primarily of hydrogen and carbon
monoxide. This gas can be used in many ways – converted to
Fischer-Tropsch super clean diesel fuels and other fuels, it is
burned to power electricity generating turbines, made into
chemicals, fertilizers, hydrogen, carbon dioxide for Enhanced
Oil recovery, and synthetic natural gas. 
The Fischer-Tropsch technology offers great environmental
benefits. It can remove virtually all emissions of sulfur dioxide,
nitrous oxides, and mercury, reducing these far below levels
permitted under current regulations, in some instances to nearly
immeasurably low levels. At present no requirements exist in
the U.S. to manage carbon emissions from fossil fuel sources.
However, should carbon management be required, carbon diox-
ide produced during the conversion process can be captured for
subsequent storage in deep geologic formations or sold for use
in enhanced oil recovery operations, a use for which there is
substantial demand. Electricity generating units using coal
gasification and Fischer-Tropsch technology, known as
Integrated Gasification Combined Cycle (IGCC), can operate
with virtually no emissions of sulfur dioxide, nitrous oxides,
mercury, or carbon dioxide. 
A partnership of industry and the U.S. Department of
Energy is developing a full-scale demonstration co-production
facility (a facility that generates electricity while producing
Fischer-Tropsch transportation fuels, hydrogen, or chemicals),
called FutureGen. The federal government will contribute $750
million and industry will contribute $250 million to construct
FutureGen which will be the world’s first zero-emissions plant
for producing hydrogen and 275 Megawatts of electricity from
gasified coal. The plant will emit no sulfur dioxide, nitrous
oxides, or mercury. The carbon dioxide will be captured and
sequestered permanently in deep geologic formations. Thus,
FutureGen will produce hydrogen, the fuel for the future
hydrogen economy in which hydrogen fuel cells will power
vehicles, and it will demonstrate the use of coal for production
of transportation fuels, chemicals, and electricity with no emis-
sions. 
The fuels produced by gasification and Fischer-Tropsch
technology are also super clean. Because the catalysts used in
Fischer-Tropsch would be damaged by sulfur, all sulfur is
cleaned from the syngas. Thus, the diesel fuel produced in the
Fischer-Tropsch process is far cleaner than conventional diesel
fuel. Since the fuel contains no sulfur, it greatly exceeds the
EPA standards for diesel fuel including the new standards for
ultra-low sulfur diesel fuel. Recent tests by the US Department
of Energy showed that Fischer-Tropsch diesel fuel also reduced
emissions of NOx, particulates, carbon monoxide, and hydro-
carbons when substituted for high-quality California diesel fuel
in a test engine by 12 percent, 24 percent, 18 percent, and 40
percent, respectively.
Implementing the Strategy
Kentucky is heavily involved in development of technolo-
gies for production of super clean fuels and electricity through
gasification of coal. The development of such technology
squarely meets the three guiding principles of Kentucky’s com-
prehensive energy strategy. It also helps meet the nation’s goals
of energy independence and security. And, it contributes great-
ly to Kentucky’s economic growth. The FutureGen Alliance
estimates that the FutureGen plant will cost about $1 billion to
construct and will employ about 1300 persons at peak con-
struction, generating a total construction pay of approximately
$250 million. A permanent workforce of 150 persons will oper-
ate the plant. The plant will use about 1 million tons of coal per
year, providing employment for about 130 miners. As substan-
tial as these economic benefits are, FutureGen is a relatively
small plant. A 30,000 barrels per day coal-to-liquids plant
would likely cost about twice as much to build, would employ
about twice the number of construction and plant operation
workers, and would use about 5 times the tonnage of coal. Two
major reports have recently been issued that call for replacing
all or most of America’s imports of oil by a combination of
strategies centering on converting coal to liquid or gaseous
fuels and including in various degrees development of oil
shale, tar sands, and enhanced oil recovery. The National Coal
Council presented its report, “Coal: America’s Energy Future,”
to Energy Secretary Bodman in March, 2006. The Southern
States Energy Board issued its report, “The American Energy
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Security Study,” this past July. Both reports analyze the eco-
nomic benefits of their proposed strategies and find that, in
essence, a new American industry would be created, generating
hundreds of billions in investment and well over 1 million new
jobs for Americans. In addition, the Strategic Unconventional
Fuels Task Force, a federal-state group established by the
Energy Policy Act of 2005, will report to the Congress this
November its recommendations for reducing America’s oil
imports by development of oil shale, tar sands, enhanced oil
recovery, and coal-to-liquids. That report will likely show simi-
lar massive positive economic benefits. As a major coal-pro-
ducing state and with large steel and aluminum industries,
Kentucky could expect to share extensively in the creation of
such industry. As HB 299 points out, the development of these
industries could greatly increase employment in Kentucky coal
mining and in agriculture and stabilize the markets for coal and
agricultural products. 
A number of programs and activities are underway to fur-
ther the goals of Kentucky’s comprehensive energy strategy
relating to production of liquid fuels from coal and agricultural
products and synthetic natural gas from coal. 
Commercialization. Governor Fletcher’s Executive Budget
for the 2007-2008 biennium appropriates about $3 mil-
lion each year to the Office of Energy Policy for sup-
port of energy research and for commercialization of
technologies for producing transportation fuels and
synthetic natural gas from fossil energy resources and
biomass resources.
House Bill 299 Strategy Development. The Governor’s
Office of Energy Policy (OEP) has taken several
actions to directly carry out the mandates of HB 299.
The Office has initiated memoranda of agreement with
the Center for Applied Energy Research (CAER) at the
University of Kentucky for assessment of the various
types of equipment for gasifying coal and their operat-
ing characteristics with various Kentucky coals. The
CAER is also under agreement with the OEP to pre-
pare information and materials for use in explaining
the processes and technologies used in converting coal
to liquid and gaseous fuels and chemicals. The OEP
has also initiated a memorandum of agreement with
the Martin School of Public Policy and Administration
and the Gatton School of Business and Economic
Research for an analysis of the opportunities for
Kentucky in the new coal and biomass conversion
industries and analysis of incentives that Kentucky can
offer to nascent industries that would be of the greatest
utility to the industries and, consequently, most effec-
tive in attracting the industries to the Commonwealth.
The OEP is working with the Kentucky Geological
Survey to further identify and assess the opportunities
Kentucky has for sequestering carbon dioxide or cap-
turing and selling the carbon dioxide for enhanced oil
recovery or other purposes. The OEP has issued a
Request for Proposals for providing financial assis-
tance to coal and biomass conversion projects that are
at or near commercialization. The OEP has contracted
with a firm to develop a site bank in which 4-6 sites,
with both Eastern and Western Kentucky being repre-
sented, will be identified in terms of their suitability
for large coal-to-liquids or coal-to-gas plants and will
be comprehensively described in terms of characteris-
tics required for such plants and environmental and
other requirements. 
Senate Bill 131. Senate Bill 131 was introduced by Senator
Robert Stivers in the 2006 Regular Session of the
Kentucky General Assembly. The bill was enacted by
the General Assembly and was signed by Governor
Fletcher on March 28, 2006. The bill enables natural
gas distribution companies to purchase a portion of
their wholesale gas supplies on long-term contracts
from entities that produce synthetic natural gas from
coal. The long-term contract mechanism is designed to
provide another mechanism by which natural gas utili-
ties can control the recent severe spikes in the price of
the natural gas that they purchase to provide to their
customers. The Kentucky Public Service Commission
has statutory responsibility relating to this policy. 
Strategic Unconventional Fuels Task Force. Governor
Fletcher, along with the Governors of Colorado,
Mississippi, Utah, and Wyoming, was appointed to the
Strategic Unconventional Fuels Task Force, which was
created by Section 369 of the Energy Policy Act of
2005. Also on the task force are representatives of
local governments and officials from the Departments
of Energy, Interior, and Defense. This task force is
charged with assessing the resources of oil shale, tar
sands, and how to enhance oil recovery and production
of liquid transportation fuels from coal. The task force
will report to the Congress in November, 2006, on rec-
ommendations for programs and incentives for devel-
oping these resources.
FutureGen site proposal. Kentucky was one of eight states
that submitted a proposed site this year for the
FutureGen project. Submittal of a site proposal
involved an extensive site search and analysis of the
suitability of the proposed site, in Henderson County,
in terms of location, size, environmental requirements,
access to various coals, proximity to electricity trans-
mission lines, and location at or near geologic forma-
tions in which carbon dioxide could be sequestered. Of
the twelve sites proposed by eight states, four were
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selected for further consideration by the
government/industry FutureGen Alliance. Two are in
Illinois and two are in Texas. Kentucky was one of
only four states that submitted a site that met all of the
required criteria. Although Kentucky’s site was not
selected for further consideration, the process of site
selection and analysis will be valuable for attracting to
the Commonwealth in the future additional FutureGen
plants or similar plants for converting coal into liquid
or gaseous fuels and producing electricity. 
In addition to these programs and activities, the Governor’s
Office of Energy Policy is working actively with several enti-
ties that propose to develop plants to produce coal-to-liquids,
coal-to-gas, or biofuels. Already, a biodiesel plant is in opera-
tion in Kentucky and two more are proposed, one of which
would produce 45 million gallons per year. 
In sum, Kentucky has an aggressive energy policy, one that
can reassert Kentucky’s leading role in ensuring the energy
independence and security of the United States by making use
of Kentucky’s abundant coal and agricultural resources and
doing so with concern for Kentucky’s environmental quality.
The increased use of coal and agricultural materials will
increase and stabilize markets for Kentucky’s coal and agricul-
tural production and create new industry and opportunity in the
Commonwealth. The challenges are large, but the opportunities
must be and can be seized for the Commonwealth.
William H. Bowker presently serves as Director, Division
of Fossil Fuels and Utility Services, Kentucky Governor’s
Office of Energy Policy. 
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The Jefferson County Public School District, located in
Louisville, Kentucky, was established by an act of the state legis-
lature in 1838. The Louisville and Jefferson County school dis-
tricts merged in 1975. Today, Jefferson County Public Schools
(JCPS) is the largest school district in Kentucky and the 26th
largest school district in the United States with more than 97,000
students in 87 elementary schools, 23 middle schools, 20 high
schools, and 22 other learning centers. JCPS has approximately
13,600 full-time employees and 5,800 teachers. The annual budget
is approximately $950 million, with 96 percent of the budget
directly funding programs and schools. JCPS has the 19th largest
transportation department in the country, transporting 60,000 stu-
dents daily, traveling 85,000 miles using 842 buses, making
46,260 stops each day (8 million stops yearly) – traveling enough
miles daily to go around the world over three times.
JCPS enjoys national recognition evidenced by the following
recent awards:
• Three JCPS high schools (Eastern, Louisville Male and
DuPont Manual) made Newsweek magazine’s 2005 List
of America’s Best High Schools.
• JCPS earned a 2004-05 Super System for Quality
Schools designation for having all schools accredited by
the Southern Association of Colleges and Schools.
• JCPS was a national finalist for the 2003 Broad Prize for
Urban Education and received $125,000 for student
scholarships. This prize rewards public school systems
that use creative, results-oriented approaches. An inde-
pendent panel of educational leaders analyzed the per-
formance of more than 100 U.S. urban school districts
and determined that JCPS was in the top five.
• In late 2005, backed by a $25 million grant from the GE
Foundation, JCPS embarked on an exciting plan to
restructure the district’s math and science curriculum to
implement world-class standards. Beginning with the cur-
rent school year, a common science curriculum for
kindergarten through eighth grade was implemented. In
conjunction with Pearson Publishing, JCPS is currently
developing world-class instructional materials for mathe-
matics. JCPS will field test the world-class math curricu-
lum during the 2007-08 school year, with full implemen-
tation in all schools during the 2008-09 school year.
• JCPS received a 2006 ENERGY STAR Award for Isaac
Shelby Elementary, the first ENERGY STAR school in
Kentucky and the first in the entire southeastern United
States region. 
Departments/Equipment
The JCPS Facility Planning/Construction Department man-
ages over 14.5 million square feet of enclosed building space,
including 152 school facilities and 3,723 classrooms. This depart-
ment is responsible for managing all capital projects for construc-
tion, remodeling and renovation of educational and support facili-
ties. Department personnel are actively involved from the time of
the district needs assessment through post occupancy of the facili-
ties. 
The Mechanical Maintenance Department is responsible for
heating, ventilation, air conditioning (HVAC), and refrigeration
systems, as well as the energy management systems (EMS) and
security systems throughout the district. There are approximately
40,000 tons of air conditioning, 800 pressure vessels (boilers,
water heaters, cookers, and hot water storage tanks), over 800
freezers and refrigerators, and over 12,000 pieces of HVAC related
equipment. There are 40 persons responsible for these duties,
including service technicians, control technicians, pipe fitters,
welders, pump technicians, sheet metal technicians, insulators,
water treatment technicians, and security technicians. 
The Mechanical Maintenance Department maintains a variety
of mechanical equipment in the district including high efficiency
condensing boilers, cast iron sectional boilers, and fire tube boil-
ers; reciprocating, scroll, and screw compressors, (both air and
water cooled); variable volume multi-zone air handlers, and sin-
gle-zone air handlers (some with energy recovery wheels); circu-
lating pumps that include variable volume and constant flow; and
terminal equipment that includes unit ventilators, fan coils, re-heat
boxes, radiators, and a few window air conditioners.
Most of the buildings use natural gas-fired boilers to heat
water that heats the building and a centralized chiller plant that
cools water used for air conditioning. Typically, there are two-pipe
systems that allow selection of heating or cooling, as opposed to
four-pipe systems that allow both heating and cooling at the same
time. 
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With the advent of EMS(Energy Management Systems), ener-
gy savings have been considerable. Pre-1980, when temperatures
dropped below freezing, service technicians worked around the
clock checking buildings. The procedure was to employ full heat
to the building, which actually produced the problem of control
valves closing, stopping water flow and creating freeze conditions
as room temperature setpoints were achieved. EMS has provided
the capability of reducing night setback temperatures of hot water
loops and keeping control valves open during freeze conditions, as
well as alarms indicating when high volumes of water are entering
the heating system, such as when a pipe has broken. EMS has also
given us the ability to monitor walk-in freezer and refrigerator
temperatures so that dispatch receives an alarm when they are out
of parameters saving countless dollars in food loss, as well as pre-
venting disruption to the school day. 
One result of all this is that, even with an increase in square
footage over the last 25 years, the consumption of gas has dropped
45 percent. On the flip side, the electrical consumption has
increased 103 percent, mainly because of demand for centralized
air conditioning and the need to run it throughout the summer
months. 
The control systems that have evolved over the last three
decades are as different as night and day. In the early 80’s, JCPS
had pneumatic systems that used master and sub-master con-
trollers to control variable outputs. These were replaced by solid
state “front ends,” which converted electronic signals to pneumatic
pressure with the aid of transducers. JCPS now has Direct Digital
Controls (DDC) that are Web-based with elaborate animated
graphics that communicate across miles of local and wide area
networks and that basically have the same results as opening/clos-
ing, speeding up/slowing down, and turning off/on mechanically
controlled devices to maintain desired temperatures throughout the
buildings. Today’s controls are much more precise with algorithms
that predict, optimize and streamline to accomplish near perfection
while obtaining energy efficient results.
Recent Cost/Recovery
The total cost for gas, electric, and all water-related bills for
calendar year 2005 was $18,932,538. With everyone feeling the
impact of rising energy costs, it has become imperative to search
for the most efficient energy-saving means available, including the
tracking of all energy consumption. Lou Pawley, former director
of Mechanical and Electronic Maintenance, played an instrumental
role in implementing “Project 85,” an energy management pro-
gram. Since that time, Jefferson County Public Schools has
employed an Energy Auditor who has recorded the consumption
and cost of natural gas, electricity, and water-related billings for
every building in the district. The JCPS energy database also
tracks the monthly electrical demand. Several reports are available
using this Access- based software, written exclusively for JCPS.
These records go back as far as 1977. This matrix has become an
excellent tool for discovering abnormalities in monthly consump-
tion and, also, for tracking building modification and mechanical
renovation results. In 2005, $154,978 was recovered from our util-
ity bills as a result of Energy Auditor review.
JCPS also tracks degree days. The degree day totals are used
for year-to-year or month-to-month outside temperature compar-
isons (A Heating [Cooling] degree day [HDD and CDD] is the dif-
ference between the average daily temperature and 65° F. The
HDD season begins July 1; the CDD season begins January 1.).
Below is an example of consumption/cost comparisons
(between 1980 and 2005) using our database for the 249,716
square foot facility, which comprises a single building. The Ahrens
Educational Resource Center houses adult education and the
Brown School houses kindergarten through twelfth grade.
Optimization of hot water heating loops
Below is the hot water reset schedule as specified by JCPS:
Occupied periods
0° Outside Air Temperature (O.A.T.)
………………………..180° water in our heating loops.
70° O.A.T. …………..….80° water in the heating loops. 
A change of 1.43 per degree, therefore
180 - (O.A.T. x 1.43) = heating water setpoint. 
Unoccupied Periods
0° O.A.T…………….180° water in our heating loops.
32° O.A.T. …….………80° water in the heating loops. 
A change of 3.12 per degree, therefore
180 – (O.A.T. x 3.12) = heating water setpoint. 
Since the computer age has arrived, we now have the ability
to incorporate building average (determined by an average temper-
ature of a group of rooms that best represent the area being served
by the corresponding zone valve) into the formula. For every 1°
the building average zone temperature travels from 70° (65° dur-
ing unoccupied periods), JCPS offsets the heating loop water tem-
perature 5° above or below the calculated heating water setpoint.
This algorithm assures that the water is not too hot or cold going
out to the terminal units, which keeps the building more comfort-
able and saves energy as well. Also, with DDC systems, we lower
the night setpoint considerably. These formulas can be modified to
meet individual loop characteristics, engineering flaws, or engi-
neering marvels as well.
Fall/Winter 2007
39
Kilowatts used in 1980 1,307,634 Cost   $ 61,680
Kilowatts used in 2005 2,503,587 $152,825
CCF’s of Natural Gas used in 1980 128,994 $ 35,397
CCF’s of Natural Gas used in 2005 57,048 $ 61,738
Total Heating/Cooling Degree Days in 1980 HDD 4,836 CDD 1,730
Total Heating/Cooling Degree Days in 2005 HDD 4,064 CDD 1,782
Cost per square foot 1980 . . . . . $ 0.39 2005 . . . . . $ 0.86
Ahrens Educational Resource Center / Brown School
Energy Consumption / Cost Comparisons (1980 - 2005)
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The chart below shows how the loop water changes as the
zone average temperature changes. This formula has also become
a very good tool to bring a building out of a night-time lower tem-
perature very quickly, reducing the time it takes to bring a build-
ing zone to the required occupied temperature.
Energy Savings Performance Contract
In October 2001, JCPS entered into an Energy Savings
Performance Contract with LG&E Enertech, which was eventually
bought by Ameresco. This $5.2 million project guaranteed nearly
$400,000 in savings per year. The project included lighting
replacement in 14 buildings and window replacement in 11. As of
January 2006, the actual savings were $1,251,590; an additional
savings of $140,309 (12 percent more than guaranteed).
Energy Savings Summary – Project History
In summary, by entering into an Energy Services
Agreement with Ameresco, the Jefferson County Public School
District has saved $1,251,590 over the past five years in utility
expenditures and O&M costs, which is $140,309 (12%) more
than guaranteed. 
New Construction Energy Efficiency Initiatives
In August 2007, JCPS will open two new elementary schools
that are designed by Voelker, Blackburn, Niehoff Architects and
mechanically/electrically engineered by LSE Engineering. A new
middle school will open in August 2008, that is designed by
McCulloch Associates Architects and mechanically/electrically
engineered by CMTA Engineering. The new schools will include
many of the following energy initiatives: Solarban® 80 windows,
R-20 roof insulation, R-18.3 wall insulation, daylight har-
vesting reflectors and dimming fluorescent light ballast
systems, high efficiency motors, fully condensing 95%
efficient boilers, higher efficient chillers, solar domestic
hot water, variable flow heating/cooling pumps, variable
speed air handling units, a separate fresh air system with
an energy recovery wheel, used in conjunction with indi-
vidual room fan powered variable air volume boxes.
These boxes are similar to reheat boxes with the ability to
induce forced air hot water heat upon demand. The rooms
will have occupancy sensors that turn off the fresh air
supply and lighting when the room is unoccupied. We
plan to develop our building system into an electronic
format to allow student access for use as an instructional
tool. 
Partnership for a Green City – Energy Use
Partnership
In August 2004, Jefferson County Public Schools,
Louisville Metro Government and the University of
Louisville entered into the Partnership for a Green City, which
represents a collaborative effort to improve Louisville’s environ-
mental education, environmental health, and processes for waste
reduction and energy management by Louisville’s three largest
public entities.
From the beginning all partners, along with support of the
Kentucky Pollution Prevention Center, Kentucky Institute for the
Environment and Sustainable Development, the University of
Louisville Speed School of Engineering, and the Kentucky Office
of Energy Policy recognized the challenge of developing the part-
nership. The sheer size of the three entities could threaten to derail
the project before it got started. However mutual respect, coopera-
tion, and determination have already generated much success.
Together, these three institutions employ some 25,900 people,
about 5 percent of the entire labor market in the community. JCPS
and UofL enroll 120,000 students, more than 75 percent of all stu-
dents in the community. They own more than 500 buildings, 7,000
vehicles, and 25,000 acres of land in Metro Louisville. Together
they consume a significant amount of energy.
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The Energy Use Partnership (EUP) subcommittee is providing
an ongoing mechanism for knowledge exchange and demonstra-
tion of proven energy efficiency (E2) methods and technologies.
The EUP established eight objectives for improving the energy
and environmental performance at the three organizations
involved:
• Develop proposals for funding of energy efficiency proj-
ects/energy education programs.
• Identify a standardized electronic format for utility data
to better track energy usage in buildings.
• Perform E2 audits at all organizations
• Identify and highlight successful energy
programs
• Develop E2 technology training for
facilities personnel
• Promote alternative financing mecha-
nisms, such as energy savings performance
contracting
• Develop E2 awareness training pro-
grams for all three Green City Partners by
2006 
• Work with engineering firms to incor-
porate E2 language into new building speci-
fications
Some Energy-Saving Measures Being
Taken by JCPS Today
1) Incorporate DDC systems that optimize
all mechanical devices with time schedules,
optimal start/stop, and constant temperature
analyses.
2) Install occupancy sensors in classrooms
used to turn the fresh air supply and the
lights on and off, and trigger the associated
HVAC mechanical systems for that area.
3) Solar collectors are scheduled to be
used to heat the domestic water in one
building with others to follow. A real time visual display
for students to monitor the results will be in place.
4) Daylight reflectors that project free sunlight into class-
rooms are being installed. Used in conjunction with day-
light harvesting dimming fluorescent light ballasts, the
reflectors reduce electrical consumption.
5) Replacement of lighting, windows, insulation, and roofs
with higher efficient types.
6) High efficiency condensing gas boilers are being used for
heat.
Scope of Work for 2001 Performance Contract
The above pictures show before replacement (left) and after (right). Not only do they now operate freely and save energy, they are also
draft free, maintenance free, and are much better looking.
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7) Chillers with high efficient “screw” compressors that
modulate to very low percentages to reduce start/stops all
the while maintaining constant chill water temperature
during low load conditions. (New environmentally safe
refrigerants are being implemented.)
8) Research of “frictionless” chiller compressors that claim
to be 32 percent more efficient than screw compressors.
9) Energy recovery wheels on “fresh air” air handler units
that control humidity and re-use airborne energy that
would normally be exhausted.
10) Variable drive systems that slow down air handler motors
and pump motors on low load conditions.
11) Variable air volume room controls to efficiently modulate
room temperatures.
12) E2 student involvement includes posting “When not in
use, turn off the juice” stickers in classrooms throughout
the district.
13) JCPS and the Kentucky Pollution Prevention Center have
worked together to develop energy savings tips that are
displayed in the Monday Memo newsletter that goes out
to all school district personnel at least once a month.
14) Incorporate findings from Kentucky Pollution Prevention
Center E2 audits that have been performed on several
buildings as renovations and building changes occur. 
Energy Conservation Philosophy
The JCPS energy conservation philosophy is to tackle the issue
from many different angles. Our goal is that these initiatives be cost
effective, practical, replicable, and maintainable. This applies to
new construction, renovations and existing facilities. In addition to
the initiatives described above, on a systemwide basis, we studied
our entire waste disposal system and worked on improving the con-
servation culture within the district. This includes our “When not in
Use, Turn off the Juice,” stickers above light switches, energy con-
servation tips in the district newsletter, systemwide recycling, and
the removal of automatic dishwashers from school kitchens. 
The pictures above show the heat loss on the left frames (Pre Retrofit) and the improvement made on the right (Post Retrofit).
Window 1 - before - Date: 1/22/02 - ambient temp 53.6F Window 1 - after - Date: 3/27/02 - ambient temp 46.4F
Window 2 - before - Date: 1/22/02 - ambient temp 53.6F Window 2 - after - Date: 3/27/02 - ambient temp 46.4F
JCPC Western High School Pre/Post Retrofit 
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Since our recycling program was implemented systemwide
six years ago, we have increased recycling awareness, as well as
reduced solid waste disposal cost from $710,000 per year to less
than $500,000 per year. This initiative saves approximately 1,000
tons of paper per year, which equals 17,000 trees and 24,000,000
gallons of water saved per year.
The removal of automatic dishwashers from school kitchens
is an ongoing process; namely worn out machines are not
replaced, nor are they included in new construction. The dish-
washers were replaced with disposable trays. This action reduced
our labor intensity, reduced equipment cost, and reduced utility
costs by $800,000 per year and chemical costs $500,000 per year.
The disposable trays cost a fraction of the savings, and we are cur-
rently working on a program that will recycle these disposable
trays. 
JCPS is proud of our energy initiatives to date, but we realize
that we are on a never ending journey that will excite and amaze
us for many years to come. 
Michael Mulheirn, FCIOB, REFP, joined JCPS seven years
ago as the executive director for Facilities and Transportation.
Michael is a construction engineer, Fellow of the Chartered
Institute of Building, and a Recognized Educational Facility
Planner. A highlight of Michael’s 33-year career was being named
the Planner of the Year, the highest individual honor from the
Council of Educational Facility Planners International.
Tommy Brown Sr., a licensed Master HVAC technician,
worked for 40 years as an employee of the JCPS Mechanical and
Electronic Maintenance Department and retired as director.
Tommy played a tremendous part in the implementation of energy
conservation and new design concepts in the JCPS district and
received many accolades. 
Kevin Stoltz, a licensed Boiler and Master HVAC technician,
has worked for JCPS for 22 years in the Mechanical and
Electronic Maintenance Department and is currently the energy
auditor for JCPS. Kevin continues the initiatives started by Lou
Pawley and Tommy Brown Sr. and plays a critical role in our new
initiatives and our Energy Use Partnership.
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Solar energy is an abundant yet underutilized resource in
Kentucky and throughout much of the world. As the mainstream
media, politicians, business and community leaders, and the general
public finally come to recognize the reality of global warming, its
causes, and the gravity of its consequences, we are beginning to hear
serious conversations about how to wean ourselves off of fossil fuels
and radically reduce our carbon dioxide emissions. Dramatic
improvements in energy efficiency and conservation and the rapid
deployment of renewable energy technologies are among the key
strategies we must pursue if we are to avoid the worst consequences
of climate change. (The other main strategy is carbon sequestration,
achieved primarily through tree planting/reforestation and the halting
of deforestation and forest burning). Solar energy stands as one of the
key renewable energy resources available to us in this critical effort.
While solar energy currently supplies a small fraction of the
world’s energy supply, the global solar industry has grown at a
tremendous pace over the past decade. “Annual global production of
solar cells has increased six-fold since 2000, exceeding 1,700 MW in
2005, and the industry plans to continue its dramatic expansion.”1
Germany, Spain, and Japan are at the forefront of this movement.
Each of these countries have made large investments in solar energy
and have implemented powerful policies and incentive programs to
drive the growth of solar and bring down its costs. While the United
States was a leader in the manufacturing of solar photovoltaics 10
years ago, today Germany and Japan have become the world’s leading
manufacturers and markets for photovoltaics. Japan’s policies have
driven down PV system costs by 80 percent since the early 1990’s, to
the point where solar power is now competitive with conventional
electricity prices in Japan.2
While the United States has fallen behind these other nations,
great advances have still been made here in the US. Today, many
states offer valuable incentive programs to help reduce the costs and
other barriers that limit the use of solar technologies. In 2005 the
Federal government made tax credits for solar energy available for the
first time since the 1980’s, when the Reagan Administration cut off
numerous important renewable energy programs, a key event that may
have set back the development of renewable energy by decades.3
Despite the loss of major funding and support from the US govern-
ment, the solar energy industry continued to advance and in recent
years, states and local governments have stepped in to take local
action to develop solar energy, other renewables, and energy efficien-
cy programs.
In this article we will look at the policies and incentives used to
advance the use of solar energy. We will discuss a number of specific
regional initiatives, and then we will explore what’s been happening
in Kentucky in recent years. Although there has been little support
from the State government, a solar industry is beginning to develop in
Kentucky, supported by the efforts of individual citizens, non-profit
organizations, local governments, colleges, private businesses, and the
US Department of Energy’s Million Solar Roofs Initiative. Before
delving into these topics, let’s get an overview of solar energy tech-
nologies and some basic concepts that are important for understanding
the real potential for solar energy.
Solar Technologies and Applications
The energy of the sun can be harnessed in several ways and used
for a variety of purposes. The simplest and most direct ways use pas-
sive solar design methods for heating, cooling, and lighting. Passive
solar design integrates the building with local site conditions to take
advantage of the sun for heating in the cold months; to minimize solar
heat gain during the cooling season; to promote natural ventilation
and passive cooling; and to provide natural daylighting. Passive solar
building methods have been used around the world for millennia, and
are applied to modern buildings to significantly reduce the need for
external energy inputs for heating and cooling. Here in Kentucky, pas-
sive solar design strategies can reduce the energy needs of a home or
commercial building by 50 percent or more. 
Solar thermal systems such as passive solar design take advan-
tage of the sun’s heat energy. Solar water heating, solar pool heating,
and solar space heating are other important applications for solar ther-
mal energy. Water heating accounts for 15 – 25 percent of the energy
use in a typical home and can be a major energy expense for many
businesses, such as hotels, food processors, and Laundromats. A solar
water heater can supply 50 – 80 percent of a home or commercial
facility’s hot water needs on an annual basis. A solar space heating
system can provide 25 – 50 percent of a home’s space heating needs. 
Solar thermal systems are normally installed with a back-up heat-
ing system. A solar water heater will normally include a conventional
electric or gas water heater to ensure that hot water is always avail-
able, and a passive solar home will have a furnace or wood stove, for
instance, for supplemental heating. It’s generally not feasible to meet
100 percent of your heating needs in our climate with a solar thermal
system, but if we can supply 50 – 80 percent of our needs with the
sun, we have made significant progress.
There are two general types of technologies for generating elec-
tricity with solar energy – solar photovoltaics (PV) and concentrating
solar collectors. Concentrating solar collectors use solar thermal ener-
gy to generate steam which is used to turn a turbine to generate elec-
tricity. They are used in large solar power plants in regions with
excellent solar resources, such as the southwestern US. Acres of con-
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centrating solar collectors can produce enough electricity to power
whole towns. According to the US Department of Energy, concentrat-
ing solar collectors are the most cost-effective means of producing
solar electricity on a large scale. “As a result, government, industry
and utilities have formed partnerships with the goal of reducing the
manufacturing cost of concentrating solar power technologies.”4
“Since the first 14 MW trough plant was installed in California in the
early 1980’s, generating costs have dropped from 45 cents/kWh (in
2005 dollars) to 9-12 cents/kWh….Costs are expected to drop to 4-7
cents/kWh by 2020.”5 Most of the work with CSC is taking place in
arid regions such as the southwestern United States with solar
resources superior to what we have here in Kentucky. 
Solar PV cells use sunlight, not solar heat, to generate electricity.
The more intense the sunlight, the more electricity a PV cell will gen-
erate. For this reason, the electrical output of a PV cell is significantly
affected by shading and cloud cover. The great advances in PV tech-
nology, the rapid growth of the PV industry, the sharp drop in costs,
and the effectiveness of government incentives in other countries lead
the Solar Energy Industries Association to conclude that, with the
proper incentives and government support, PV cells could become
cost competitive with coal-generated electricity by 2015.6
Does Solar Really Work in Kentucky?
Some people believe that “solar doesn’t work in Kentucky”
because we have periodic stretches of cloudy weather throughout the
year. As the map of US average daily solar radiation in Figure 1 illus-
trates, Kentucky’s solar resource is actually quite good. 
Kentucky’s average daily solar radiation is comparable to places
as diverse as east Texas and central Wisconsin, and is better than New
York’s and New Jersey’s. When you consider that each of these other
states provide substantial financial incentives for solar (not to mention
Germany, which is not known for its sunny climate) you realize that
Kentuckians could profit from this resource as well. 
Applications for Solar Energy
Solar electric systems have a wide variety of applications, rang-
ing from remote site electrification to powering entire homes and
entire communities. For many years, “off-grid” applications were the
most common use of solar PV systems. With the development of utili-
ty-interconnection technology and regulatory frameworks that allow
small producers to sell power onto the electricity grid, grid-intertied
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for solar PV. They give homeowners and businesses that are already
on the grid an easy way to use solar electricity, with a number of
important advantages. 
First, grid-intertied PV systems don’t have strict power limits the
way off-grid systems usually do. If the customer uses more power
than the PV system can provide at a given moment, the power is sim-
ply taken off the grid (and the customer billed for that usage). When
the customer uses less power than the PV system is producing, the
excess power flows onto the grid, and the customer gets credited for
that power generation. This is what “net metering” refers to.
Customers are billed for their net consumption during the billing peri-
od, and when the PV system is producing power onto the grid, the
utility meter can actually flow in reverse. This arrangement opens the
door for “Renewable Energy Production Incentives” which can pro-
vide actual income to a solar energy producer based on kWh sold
onto the grid.
Grid intertied systems also have the advantage of using the PV
generated power more efficiently. In stand-alone systems with a bat-
tery back-up, much solar energy can go unused when batteries are
fully charged during sunny conditions. In a grid-intertied system, all
potential solar generation is either used immediately on-site or flows
onto the grid, where it will be used by someone (like the next-door
neighbor), while the homeowner’s bill gets credited for the PV pro-
duction. 
Solar water heating systems are used for heating household hot
water, swimming pools, home space heating systems (such as radiant
floor systems), and also have a wide range of commercial applica-
tions. Solar swimming pool heaters are the largest single application
for solar thermal systems in the US.7 In November 2004, the
International Energy Agency (IEA) reported that global capacity of
installed solar thermal systems was equivalent to 69,320 Megawatts
(MW).8 This compared with 23,000 MW of global wind capacity and
1,100 MW of solar photovoltaics, and is equivalent to over 300 coal
power plants. (The average US coal power plant has a capacity of
about 200 MW.)9 The IEA’s report reveals that solar thermal technolo-
gies are proven, are already making a substantial contribution to the
world’s energy needs, and are poised to make a significant contribu-
tion to our future energy needs.
Current Solar Energy Costs
The price for solar PV modules dropped from around $27/Wp
(Watt peak) in 1982 to around $4/Wp in 2003, and as of September
2006 had risen to about $5/Wp. The cost of the PV module accounts
for about 50 – 60 percent of the installed cost of a PV system, so for a
residential PV system the average installed cost runs about $10,000 -
$12,000/kWp installed.10 For a home that uses 500 kWh/month (one-
half of the average Kentucky home), a PV system to power 100% of
the home’s needs would cost around $45,000.11 Put another way, PV
generated electricity costs around $0.30/kWh, about five times the
cost of coal-generated electricity in Kentucky.12
The rise in costs for PV modules in recent years is attributable to
high global demand coupled with a shortage in the supply of silicon
used in the manufacture of PV cells. The industry expects this short-
age to be relieved in coming years, and with ongoing support from
government programs, prices are expected to continue to fall.
PV systems can be the most cost-effective electricity option in
certain situations. For example, on sites that are more than 1/4 mile
from the utility grid, the cost of running the power line to the site can
exceed the cost of a PV system. In situations where cables would
need to be buried and roads dug up, like for street lights, PV systems
can be the least-cost option.
A solar water heating system for a typical home in Kentucky
costs around $3,500 - $4,500 installed. Such a system can save a fam-
ily $150 - $400 or more per year, depending on the type of conven-
tional water heater being replaced, cost of energy, amount of hot
water used in the home, and other factors. Solar water heaters are less
expensive than PV systems per unit of energy produced, and can gen-
erate thousands of dollars of tax-free income for homeowners over
their 25+ year lifespan. Most homes will recover their investment in a
solar water heater within 10-15 years, without any financial incen-
tives. When incentives are available, the payback period can be sig-
nificantly reduced.
Assessments of the economic value of a solar energy system
must take into account the rising cost of energy over time. An invest-
ment in a solar energy system fixes one’s energy costs (or at least a
portion of those costs), providing security against future price increas-
es. 
The costs of passive solar design strategies can vary widely
because they are the result of a host of design decisions and construc-
tion options. Generally speaking, passive solar strategies do not nec-
essarily increase the cost of a building, but even when they do, those
costs will often be recovered within a few years through energy sav-
ings.
The Importance of Energy Efficiency and Conservation
The Intergovernmental Panel on Climate Change has proposed
that industrialized nations need to reduce carbon dioxide emissions by
80% by 2050 in order to minimize the consequences of climate
change.13 To achieve such an ambitious goal, we must invest both in
the development of renewable energy sources and in radically
improving energy efficiency and conservation efforts. For both the
individual and the nation as a whole, efficiency and conservation are
the first, most economical step, and should be pursued vigorously. 
Efficiency and conservation allow us to meet our needs at a
lower cost and with less pollution. On the national level, investing in
energy efficiency is like building power plants that don’t pollute, at a
fraction of the cost. For example, a report from the Alliance to Save
Energy states that if all homes in America used the most energy effi-
cient refrigerators available, the electricity savings would eliminate
the need for about 30 power plants.14 Those energy savings would
translate into pollution not produced and money saved by American
families.
Achievements of the Federal Energy Management Program
(FEMP) illustrate the enormous potential of energy efficiency.
According to the Alliance to Save Energy, the FEMP has saved tax-
payers more than $8 billion through energy efficiency in government
buildings. The further installation of currently-available, cost-effective




Energy efficiency offers tremendous opportunities at the personal
level, as well. Compact fluorescent light bulb’s (CFL) produce the
same amount of light as standard incandescent bulbs, but use 25 per-
cent as much energy.16 High-efficiency models are now available for
most appliances, and can be identified by the Energy Star label. The
benefits to consumers from the move to efficiency are illustrated by
the air conditioner efficiency standards approved in 2004, which are
expected to save American consumers $5 billion in energy costs over
the next 25 years.17
Focusing on efficiency and conservation alongside solar facili-
tates the expansion of the solar industry by enabling consumers to
more readily afford the technology. As efficiency and conservation
enable us to do the same work while using less energy, they also
enable us to do that work using a smaller, and thus less expensive
solar energy system. This makes solar more feasible for a greater
number of people, and increases society’s possibilities of meeting a
significant portion of our energy needs with a mix of solar and other
renewables.
Policy and Incentive Programs that Support Solar
Numerous financial incentives, rules, regulations, and policies
are used to encourage the use and development of renewable energy
and energy efficiency. These incentives and policies vary around the
country and the world. Each state has its own mix of incentives and
policies, and while some states offer strong incentives, others offer
very few. Incentives and policies can be derived from the Federal
government, state governments, local governments, utility companies,
and private non-profit organizations.
Governments use incentives and policies as tools to reach their
renewable energy and efficiency goals. In recent years many states
have established goals to meet a certain percentage of their energy
needs from renewable sources by a specific date. Table 1 shows the
goals established by the six states with the highest standards. As there
is now widespread recognition of global warming and the need to take
serious action to mitigate it, it is likely that more states will be imple-
menting policies to increase the use of renewable energy, and that
these policies and incentives will become stronger.
Financial incentives for renewable energy include tax incentives,
grants, loans, rebates, industry recruitment, bond programs, and pro-
duction incentives. These incentives can be made available to the resi-
dential, commercial, and industrial sectors, as well as public entities
(like schools and municipalities) and non-profit organizations. Table 2
charts the types of incentives available in every state, and whether
those incentives are sponsored by the State or Local governments, pri-
vate agencies or utility companies.
Rules, regulations, and policies that support solar energy include
public benefits funds, renewable portfolio standards, net metering,
interconnection standards, line extension analysis, generation disclo-
sure, contractor licensing, equipment certification, solar/wind access
laws, construction and design standards, requirements to offer green
power products, and green power purchasing policies. Table 3 charts
the regulations and policies available in each state.
Where does Kentucky stand in relation to other states in offering
incentives for solar and other renewables? According to the Database
for State Incentives for Renewable Energy (DSIRE), the State of
Kentucky offers no financial incentives for solar energy and has only
two policy mechanisms that support solar. These are a statewide net
metering law and a solar access law, which allows landowners to
obtain a solar easement to guarantee access to direct sunlight. The net
metering law applies to all investor owned utilities and rural electric
cooperatives, requiring them to make net metering available to cus-
tomers with solar PV systems of 15 kW or smaller.
There are financial incentives available in Kentucky from the
Tennessee Valley Authority (TVA) and from a partnership of several
non-profit and public organizations. TVA’s Generation Partners
Program offers a $500 payment upon installation of a PV system or
wind generator, and will pay a production incentive of $0.15/kWh for
the renewable electricity produced onto the grid. This program is tech-
nically available through each of TVA’s distributors in Kentucky, but
according to the program’s website, there are no Kentucky distributors
participating in the program, and participation is at their discretion.18
The Kentucky Solar Partnership, a project of Appalachia -
Science in the Public Interest, has partnered with the Mountain
Association for Community Economic Development (MACED) to
offer low-interest loans to residents of Eastern Kentucky for solar
water heating systems. MACED also offers loans for businesses to
purchase renewable energy equipment or for the development of
renewable energy businesses. KSP has also partnered with the
University of Louisville and the Partnership for a Green City to create
a pilot rebate program for solar water heaters, using funding from the
US Department of Energy. This program has offered $500 rebates for
residential solar water heaters installed in Kentucky, but has funding
to provide only 25 rebates.
Tables 2 and 3 show that Kentucky is far behind many other
states in supporting solar energy. Kentucky is one of only three states
in which the State government offers no form of financial incentive
for renewable energy. Meanwhile 19 state governments offer a rebate
program for renewables, and in 20 states utilities or local govern-
ments offer rebate programs. Table 4 offers examples of the rebates
offered in several states. 
In regards to policies and regulations, Kentucky is
one of 35 states that have passed net metering laws, an
important regulation for helping the PV market expand.
Around the nation there are many instances of utilities
taking the initiative to offer net metering. Despite this
progress, Kentucky remains one of 15 states that have
implemented two or fewer of the suite of policies
reviewed by DSIRE. Notably absent in Kentucky are
Public Benefits Funds (PBF) (also known as Clean







Renewable Portfolio Standard (RPS). Seventeen states now have
Public Benefits Funds and 22 have Renewable Portfolio Standards.19
Public Benefits Funds are usually state-level programs created to
provide resources for the development of renewable energy resources,
energy efficiency initiatives, and low-income support programs. These
funds are usually supported by surcharges on electricity consumption
assessed to all electricity customers in the state or jurisdiction. These
can be expressed as a flat fee on each utility bill (ie. $0.05/month), a
percentage of each utility bill (i.e. 3%), as an added charge per kWh
used (i.e. $0.002/kWh), or by other means. While these funds were
typically established through the electric utility restructuring process,
they can be used in any state as a means to create a substantial pool of
funds for developing solar and other sustainable energy initiatives.
“Renewables Portfolio Standards (RPS) require that a certain
percentage of a utility’s overall or new generating capacity or energy
sales must be derived from renewable resources.”20 California’s RPS
is 33% renewables by 2020; New York’s standard is 25% renewables
by 2013. By establishing a goal that utilities know they will have to
meet, an RPS motivates utilities to invest in renewable energy and is
one of the most important policy measures for expanding the use of
renewables, along with Public Benefits Funds. 
Renewable Energy Production Incentives, also known as Feed-In
Tariffs, are payments made to producers of renewable energy per
kWh generated. TVA’s Generation Partners Program provides a pro-
duction incentive of $0.15/kWh. Unlike rebates and tax credits, which
are usually based on the size of the system installed, production
incentives are based on the performance of the system and “can often
be a more effective mechanism for ensuring quality projects.”21
Germany has been using several mechanisms to promote renew-
able energy since the early 1990’s, including “tax incentives, below-
market-rate loans, and feed-in tariffs that guarantee payment for
renewable energy fed into the electricity grid.”22 Germany’s system
guarantees payment for renewable energy production with long-term
contracts (20 years for most technologies), providing security for
investors. A recent report concluded that “Europe’s experience reveals
that feed-in tariffs may promote renewable energy most quickly and
at least cost in the long run.”23 The same report notes that Germany’s
renewable energy policies had generated up to 170,000 jobs as of
2005. 
Regional Solar Efforts
Going Solar in Chicago
A number of regional efforts illustrate some of the
exciting progress being made to advance the use of solar
energy. In 2001 the City of Chicago announced the goal
to provide 20% of its energy from renewable sources by
2005. As part of this plan, the City agreed to install solar
thermal systems on over 100 City buildings by 2006 and
committed $5 million to the effort. A key element of the
City’s plan was working with Solargenix, a manufacturer
of solar thermal collectors, to support the opening of a
manufacturing facility in downtown Chicago. The City
provided a $1.7 million loan to Solargenix and committed
to purchasing $5 million of solar collectors for City build-
ings. 
Chicago’s initiative provided economic development
while expanding the use of solar energy, and is expected
to save Chicago almost $7 million in energy costs over
the next 30 years. Since opening their manufacturing
facility, Solargenix has been training local contractors in the design
and installation of solar thermal systems, building the City’s knowl-
edge base about solar energy. The solar water heating systems are
being installed on fire stations, swimming pools, and other appropri-
ate public facilities. The establishment of a solar factory in Chicago
complements rebates available throughout Illinois, which cover 30%
of the installation cost for solar PV and solar water heating systems.24
Citizen’s Energy Cooperative of Wisconsin
The Citizen’s Energy Cooperative of Wisconsin (CEC) presents a
noteworthy model for expanding the use of solar energy. Drawing on
the resources of its members, CEC owns and operates multiple large
scale renewable energy systems in Wisconsin. These systems are
housed in YMCA’s, schools, hospitals, multi-unit housing facilities,
correctional institutions, and industrial and commercial facilities. To-
date, most of the systems CEC has installed have been solar water
heaters. 




The renewable energy produced at these facilities is metered and
sold to the host. CEC enters into contracts with each host, linking the
price of the energy produced to a point lower than the market rate of
the displaced conventional fuel (usually natural gas or electricity).
CEC retains ownership of the equipment for 20 years. The host bene-
fits by guaranteeing energy costs lower than the conventional alterna-
tive. The CEC profits from the sale of the energy and distributes prof-
its to its members.
“The monies received by CEC via energy production contracts
with its members, are dedicated to the expansion of renewable energy
systems throughout the state. After joining, the member is able to con-
tract with CEC each year to produce a specific amount of renewable
energy. CEC then guarantees that it will build systems that will pro-
duce enough energy to satisfy the members’ energy contracts. CEC
then sells the renewable energy to the end user/member that is located
at the installation site. CEC funds the installation of the system, then
recoups its investment by billing the facility for the cost of energy
used based on the market price for that energy. When the Cooperative
is profitable from the sale of the renewable energy, the members
receive dividends based upon their patronage (energy production con-
tracts) with CEC.”25 (http://www.cecofwi.com/commercial-systems,
October 1, 2006)
CEC also offers the sale and installation of residential solar water
heating systems. By working as a cooperative and buying equipment
in bulk, CEC is able to offer lower prices to its customers. 
Solar Energy Developments in Kentucky
A network of individuals and organizations has been working for
many years to develop the use of solar energy in Kentucky. The
organization I work with, Appalachia - Science in the Public Interest
(ASPI), has been using and demonstrating passive and active solar
energy systems at our demonstration centers in Rockcastle County,
Kentucky for over 25 years. We have publications in our library pro-
duced by the Kentucky Division of Energy in the 1980’s featuring
numerous passive solar homes built in Kentucky, along with directo-
ries of Kentucky’s solar energy professionals published over 20 years
ago. The use of solar energy is not new to Kentucky, but through the
efforts of many people, it may be gaining momentum and be ready for
application on a much broader scale. 
ASPI formed the Kentucky Solar Partnership (KSP) in 1999 as a
partner of the US Department of Energy’s Million Solar Roofs
Initiative. ASPI is a non-profit organization that works out of Mt.
Vernon and Frankfort, Kentucky. Our mission is to work for healthy
land and sustainable communities in Kentucky and Central
Appalachia. 
The Kentucky Solar Partnership’s goals are to identify the barri-
ers to the use of solar energy in Kentucky and work to remove those
barriers. Since its formation, KSP has installed the first net-metered
PV system in the state at ASPI’s Small Town Demonstration Center in
Mt. Vernon; installed a demonstration solar water heater, also in Mt.
Vernon; worked with community partners to help pass the state’s net
metering law in 2004; and helped install other demonstration solar
energy systems around the region. For many years ASPI and KSP
have hosted the National Tour of Solar Homes in Central and Eastern
Kentucky, organizing groups to tour ASPI and numerous solar build-
ings in the region.
In 2005 KSP published The Kentucky Solar Energy Guide and
unveiled two new websites to bring regional solar information to a
wider audience. The Kentucky Sun Pages at www.greenprofession-
als.org/ky provides an online directory of renewable energy and green
building professionals serving Kentucky. This free directory allows
solar and other “green” professionals to register their business and
describe the services they provide. By creating a searchable online
directory, KSP sought to make it easier for people interested in using
solar and green technologies to find professional contractors. KSP’s
other website, www.kysolar.org, provides information about solar
energy, KSP’s programs and upcoming events, and a downloadable
version of The Kentucky Solar Energy Guide.
KSP initiated two incentive programs to support the installation
of solar water heaters in 2005. In partnership with the Mountain
Association for Community Economic Development (MACED), a
low-interest loan program was created and made available to residents
of MACED’s service area (51 counties in Eastern Kentucky). Loans
are available for residential solar water heating systems. MACED also
offers loans for businesses to install renewable energy equipment and
for renewable energy business development. As of September 2006,
eleven loans had been issued for residential systems, along with two
business development loans.
Through a partnership with the Energy Center at the University
of Louisville, KSP also established a $500 rebate program for solar
water heaters installed on residences in Kentucky. This pilot program,
funded by the US Department of Energy, provided funding for 25
rebates. The program specifies that each system installed should be
inspected to ensure the it meets program guidelines and equipment
specifications, and that it is working properly. As of September 2006,
23 rebates have been approved. 
One of the barriers to the expanded use of solar energy in
Kentucky has been a shortage of skilled contractors trained in solar
electric and solar water heating systems. To address this issue, KSP
has held two trainings for solar water heater installers. Over twenty
five people attended each of these two-day trainings, and Kentucky
now has a growing number of trained solar contractors. Further work-
shops covering PV design and installation are planned for the coming
year.
A major regional effort for educating the public and building the
market for solar has been the Bluegrass Energy and Green Living
Expo, first held in 2004 in Lexington. This has become an annual
event, organized by ASPI and KSP to bring together the business,
education, government, and non-profit sectors to educate Kentuckians
about healthy living, energy conservation and renewable energy solu-
tions, and connect consumers with marketers of related products and
services. Attendance at the Expo increased by 32% from 2004 to
2005, with over 1,100 people attending the tradeshow, workshops,
and other events in 2005. 
Another regional advocate for solar energy is Berea College and
its Sustainability and Environmental Studies (SENS) Program. The
Ecovillage at Berea College includes student-housing for 50 married
and single parents with children. These housing units incorporate pas-
sive solar design as well as other green building features. The
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Commons House in the Ecovillage uses a solar water heater for
domestic hot water and radiant floor heating. Another house includes
a solar water heater and a net-metered PV system, installed with the
assistance of Joshua Bills and the Kentucky Solar Partnership. Berea
College is recognized around the state and beyond for its leadership
on sustainability issues, and has been a strong supporter of the
Bluegrass Energy and Green Living Expo, as well. 
Another significant effort to support the development of solar in
Kentucky has been the formation of the Energy Center at the
University of Louisville. The Energy Center was founded with a three
year grant from the US Department of Energy with a mandate to
develop the use of solar technologies and build the local capacity of
solar energy professionals. Their projects have included the installa-
tion of demonstration solar water heating systems at a number of
schools in Jefferson County; a research and demonstration project of
daylighting technology in schools; research into solar street lighting in
downtown Louisville; research into solar heat pipe technology; pro-
fessional trainings for PV and solar water heater installers; creation of
the solar water heater rebate program administered by KSP (described
earlier); and the production of educational solar exhibits at the
Kentucky State Fair in 2006. 
Numerous schools around Kentucky have also installed solar PV
systems as educational and demonstration projects. The KY NEED
Project, Kentucky Office of Energy Policy, and American Electric
Power have co-sponsored these projects and developed educational
programs to accompany them. KY NEED has also organized annual
“High Performance Schools Workshops” directed towards school
administrators, decision-makers, and building designers. These work-
shops cover a wide range of topics which include passive solar
design, and especially daylighting. With the support of the Kentucky
Department of Education and the Kentucky Office of Energy Policy,
many Kentucky schools are now looking at high performance build-
ing strategies for their new construction and renovation projects.
Daylighting in particular has become an important strategy whose
benefits are becoming more widely recognized.
Looking Toward the Future
Kentucky has a broad foundation of experience with solar energy
which demonstrates that the technologies work and that solar is a
valuable resource in our state. While there is a growing base of pro-
fessionals skilled with solar energy, the industry is still in its infancy
here. Meanwhile, the demand for clean, secure energy sources and
meaningful responses to the crisis of global warming point to the need
to rapidly develop solar energy along with a variety of other clean
energy sources and strategies.
The need to widely expand the use of solar in Kentucky runs up
against basic economic facts that solar electric and solar water heating
systems are still more expensive than their conventional alternatives,
which in Kentucky primarily means coal generated electricity. Cheap
electricity is a barrier to both efficiency and solar energy. But this
economic relationship does not reflect the true cost of mining and
burning coal, nor the true value of solar. People are beginning to rec-
ognize these true costs, however, and beginning to demand solutions
from government and industry. 
Government has a responsibility to serve the common good and
this requires shifts in our state energy policy. Widespread use of solar
energy, along with aggressive energy efficiency and conservation pro-
grams, and the development of other renewable energy resources,
could dramatically reduce carbon dioxide emissions, promote energy
independence, diversify our energy supply and make the grid more
resilient, reduce peak loads, eliminate the need for new power plants,
reduce air pollution and the health costs it imposes, and promote eco-
nomic development. This last point should not be overlooked as the
global market for efficiency, renewables, and carbon-neutral technolo-
gies seems poised to take off.
With this in mind, the State of Kentucky should step forward and
develop a suite of policies and incentives to strongly support solar,
other renewables, efficiency, and conservation. These should include a
Renewables Portfolio Standard, a Public Benefits Fund to generate
the resources needed to invest in new initiatives, a Renewable Energy
Production Incentive, rebate programs, and high performance con-
struction and building design standards. 
The vision behind these policies should be grounded in a recog-
nition of how our energy use drives global warming and our need to
dramatically reduce global emissions of greenhouse gases – an 80
percent reduction by 2050 according to the Intergovernmental Panel
on Climate Change. Such a vision will shift how we perceive costs
and benefits, and can provide the motivation, courage, and political
will to achieve ambitious and necessary goals.
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In the past century, the availability of reliable, affordable
electricity has profoundly improved Kentuckians’ lives. Our
daily routines start with alarm clocks. For many of us, work-
days revolve around computers and other electronic equipment.
We go home to our refrigerators, washers and dryers, televi-
sions and numerous other electric appliances. On a grander
scale, many of the most significant advancements of the past
century, including revolutions in medical treatment, transporta-
tion and communications, have been made possible by electric-
ity. Clearly, reliable, affordable energy has been fundamental to
improving lives. So it is exciting to ponder what the future
holds and how our lives will change in the coming decades. 
East Kentucky Power Cooperative generates and transmits
the power that is distributed by 16 member cooperatives to
nearly 500,000 homes, businesses, industries and farms in 89
Kentucky counties. Although cooperatives’ roots are in provid-
ing power for rural areas, this is changing as suburbs, retail
developments and industries move farther from city centers. In
fact, demand for electricity among EKPC’s member coopera-
tives is growing at nearly twice the rate of the rest of the
nation. Likewise, demand is growing statewide. The state
Public Service Commission estimates that Kentucky will need
to add 7,000 megawatts of new generation capacity by 2025 in
order to meet anticipated demand growth.
It is important to keep in mind that Kentuckians pay some
of the lowest electric rates in the nation, even as energy rates
have risen. According to the U.S. Energy Information
Administration, 2005 average retail rates in Kentucky were 40
percent below the national average. This is due, in large part, to
the fact that Kentucky is blessed with abundant, affordable
coal, the same fuel that generates more than half of the nation’s
power. Besides being a plentiful domestic energy resource and
less expensive than its competitors, coal claims a brighter
future with the development and demonstration of cleaner and
more efficient technologies. As East Kentucky Power
Cooperative implements such technologies, the cooperative
supports a valuable natural resource, produces cleaner electrici-
ty and meets the power needs of the cooperative’s members
efficiently and affordably.
Since the passage of the Clean Air Act more than three
decades ago, utilities have taken major steps to reduce their
impact on the environment. And that costly investment will
continue into the future. In fact, the greatest transformation
Kentuckians are seeing in power generation today is reduced
emissions from the power plants that produce their electricity.
As a result, the generating units coming online today bear little
resemblance to those of 50 years ago or even 20 years ago.
East Kentucky Power Cooperative has been a pioneer of clean-
coal technologies. In 2005, the cooperative brought online
Kentucky’s first coal-powered generating unit in 15 years, the
E.A. Gilbert Unit at Spurlock Station in Mason County. The
268-megawatt unit is powered by a clean-coal technology
known as circulating fluidized bed (CFB). 
In the CFB boiler, a coal/limestone mixture burns at signif-
icantly lower temperatures than in conventional coal boilers.
Ash and unburned coal are recirculated through the boiler on a
bed of air and continue to burn until a very low volume of par-
ticles remains. Lime from the limestone absorbs 98 percent of
the sulfur dioxide, and the lower boiler temperature means that
significantly less nitrogen dioxide is produced—about 20 per-
cent of conventional coal units. East Kentucky Power
Cooperative’s new CFB unit ranks as one of the cleanest coal
units in America and is the cleanest in Kentucky. And the coop-
erative plans to construct two additional CFB units in the next
four years, an investment of more than $1 billion.
For East Kentucky Power Cooperative, the decision to
implement CFB technology was a strategic one. Comparisons
with another emerging clean-coal technology—integrated gasi-
fication combined cycle (IGCC)—show that CFB matches or
exceeds IGCC in almost all emissions categories. It should be
noted that commercial utility applications of IGCC are still in
development and face years of pilot projects. In 2004, the pres-
ident of the Pew Center on Global Climate Change character-
ized IGCC technology as “nowhere near prime time” in terms
of its readiness for commercial utility applications.
Because of CFB technology’s low emissions, East
Kentucky Power Cooperative can continue to fuel its units with
affordable coal and still meet increasingly stringent clean-air
standards. In fact, CFB technology reduces emissions to levels
that allow the use of very affordable grades of coal, including
waste coal, while meeting strict clean-air standards. This is a
benefit to Kentucky ratepayers because market prices for low-
sulfur “compliance” coal have increased steadily in recent
years as utilities strive to cut emissions. The CFB unit also can
be fueled with other supplemental fuels such as waste tires and
biomass. It is important to note that CFB is a proven technolo-
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gy, with commercial applications in operation at the time the
technology was needed by East Kentucky Power Cooperative.
As a result, projects can be financed easier for the cooperative. 
As the cooperative constructs some of the cleanest coal
units in the nation, East Kentucky Power Cooperative is also
taking steps to reduce emissions from its existing conventional
generating units. This year, construction began on a pair of
flue-gas desulfurization units, known as scrubbers, that will
reduce sulfur dioxide and particulate emissions from the coop-
erative’s two largest generating units. These scrubber units will
cost approximately $300 million to install and will complement
other environmental compliance steps East Kentucky Power
Cooperative has taken in the past 15 years at a cost of $250
million to $300 million. In recent years, for example, East
Kentucky Power Cooperative added selective catalytic reduc-
tion (SCR) equipment to the same generating units. Operating
like catalytic converters on your automobile, this equipment is
designed to reduce emissions of nitrogen oxide by nearly 90
percent. 
Great strides have been made throughout the United States
in lowering emissions. According to a September 2004 report
from the U.S. Environmental Protection Agency, total nation-
wide annual emissions of six principal air pollutants (nitrogen
dioxide, ozone, sulfur dioxide, particulate matter, carbon
monoxide, and lead) dropped an incredible 51 percent between
1970 to 2003, from 301.5 million tons a year to 147.8 million
tons. This is especially impressive when you consider that dur-
ing the same 33-year period, the overall economy grew 150
percent, the gross national product increased by 176 percent,
energy consumption was up by 45 percent and the population
grew by 39 percent. 
There still is work to be done to further reduce emissions.
That is why East Kentucky Power Cooperative has partnered
with Western Kentucky University’s Institute for Combustion
Science and Environmental Technology to produce cutting-
edge research on clean-coal technology. Led by noted chemist
Dr. Wei-Ping Pan, the institute is working to help utilities
reduce mercury emissions in order to meet caps on these emis-
sions starting in 2010 as part of the EPA’s Clean Air Mercury
Rule. In addition, the institute conducts research to make coal
units more efficient and environmentally friendly, and conducts
emissions analysis. East Kentucky Power Cooperative, along
with Warren RECC, is supporting the institute’s effort to install
a gasifier to study the fate of mercury and other chemicals in
the gasification process. The cooperative also contracts with
the University of Kentucky’s Center for Applied Energy
Research to study the use of fly ash for fuel, including ash
from CFB boilers. 
East Kentucky Power Cooperative has also been a
Kentucky pioneer in energy alternatives, particularly power
from landfill gas. As landfill waste breaks down, it produces
methane, a greenhouse gas. East Kentucky Power Cooperative
was the first Kentucky utility to develop power plants fueled
by methane gas. And this year the cooperative broke ground for
its fifth such plant, this one in Pendleton County. Others are
located in Boone, Greenup, Hardin and Laurel counties. When
its newest plant is operational, the cooperative will have the
capability to produce enough electricity from landfill gas
sources to power nearly 9,500 Kentucky homes. The power
produced by these landfill gas plants is marketed by 14
Kentucky electric cooperatives under the EnviroWatts program,
giving cooperative customers the option to power their homes
or businesses with electricity generated from renewable
sources. In addition, East Kentucky Power Cooperative has
studied the feasibility of wind energy. Reliable wind-producing
sites in the commonwealth are scarce and tend to be located in
environmentally sensitive areas, making this technology eco-
nomically unfeasible at this time.
A key component of ensuring the reliable delivery of
power for Kentucky consumers is the transmission grid–the
high-voltage power lines that deliver electricity from genera-
tors to distribution points. As new electric generating units
come online to accommodate our state’s rapidly growing
demand, East Kentucky Power Cooperative is acutely aware of
the need for additional transmission facilities. The cooperative
has more than 2,800 miles of transmission lines in service and
is planning projects that will add more than 260 additional
miles of line in the next five years. Meanwhile, federal officials
have pushed in recent years for more regionalized power mar-
kets, with power transfers occurring over longer distances.
While broader power market means more options for backup
power, which increases reliability, it also places much greater
demands on transmission systems that, for the most part, were
designed for local or state consumers. 
As regional power transfers increase and as East Kentucky
Power Cooperative’s members’ demand for electricity contin-
ues to grow at nearly twice the national rate, congestion on
power lines builds. As a result, it is necessary to constantly
improve, upgrade and add to the transmission grid. Without
improvements, reliability and the cost to serve members suffers
as power line congestion leads to the risk of blackouts and the
uneconomic dispatch of generating units. The widespread
blackouts that struck the northeastern United States and Canada
in August 2003 demonstrated the risk posed to large areas
when blackouts cascade across the power grid. 
Utilities are facing, and will continue to face, increased
challenges to constructing transmission facilities. Property
owners and other concerned parties are mounting increasing
opposition to transmission projects, citing such concerns as
aesthetics and the perceived impact to the environment. A key
challenge for transmission owners is balancing such concerns
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and minimizing overall impacts while making necessary
improvements to ensure the reliability of the transmission grid.
With these goals in mind, East Kentucky Power Cooperative
has begun implementing a new transmission line siting
methodology for significant projects. Developed by the Electric
Power Research Institute and Georgia Transmission Corp., this
methodology incorporates the use of aerial photography and
vast amounts of data concerning land use and land cover. This
information is analyzed to identify the most suitable routes for
a transmission line between two given points. The analysis
includes a suitability scoring system that was developed with
input from Kentucky stakeholders representing interests rang-
ing from environmental activists to homeowners groups to
agricultural associations. In addition, East Kentucky Power
Cooperative has implemented a formal program to reach out to
property owners and other interested parties to keep them
informed and to gather information as the cooperative plans
and constructs new, significant transmission projects.
Generating and transmitting power to serve more than a
million Kentuckians is a risky and capital-intensive endeavor,
and will continue to be so. These formidable costs and risks
have increased in recent years as growing economies in Asia
have sparked a power plant building spree there, driving up the
costs of fuels and building materials around the globe. In the
future, we can expect to see similar far-ranging repercussions
in all kinds of markets, as local markets increasingly become
global markets. Developments in other states, nations and con-
tinents will have an increasing impact on the job of ensuring
rates and reliability here in Kentucky.
The task of generating electricity and delivering it to
homes and businesses has changed immensely in the past cen-
tury. Without doubt, the next century will see similar transfor-
mations. Perhaps, a hundred years from now, we won’t even
recognize power plants and transmission lines as we know
them today. One thing that is unlikely to change is the impor-
tance of affordable, reliable power to our lives. 
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View the Louisville skyline from across the Ohio River on
a clear night and you see all the hallmarks of a vibrant city.
Tall buildings light up the night as cars and trucks carry resi-
dents and visitors alike to an untold number of destinations.
Spend a day in the city and observe a thriving community with
people living, working and enjoying their leisure time. During
these daily activities, the role of energy often goes unnoticed.
Unfortunately, on occasional days, the result of our energy use
does not. Smog and other air pollutants are the more undesir-
able results of the energy that sustains our community.
Air pollution emissions associated with energy use in the
Louisville Metro area result almost entirely from the combus-
tion of fossil fuels. These fuels, which include coal, natural
gas, and petroleum products such as oil, diesel, and gasoline,
are the decomposed and compacted remains of once living
organisms. Through various extraction techniques, these fuels
are pulled from their geologic deposits and burned to unleash
the stored energy. Extraction techniques tend to be very energy
intensive themselves and are often incredibly polluting, as are
the processes sometimes necessary to refine these fuels into the
products that we use daily. Thus begins the impact of energy
use on air quality. 
What are the sources of energy-related pollu-
tants?
The combustion of fossil fuels creates
byproducts, or pollutants, many of which are
harmful to our health and to the environment.
There are two broad categories of sources for
these pollutants – point sources (this includes the
regulatory nomenclature of “stationary” and
“area” sources), which are those sources that are
generally at a fixed location, and mobile sources.
These varied sources release emissions into the
ambient air, which is to say into the surrounding
atmosphere, where they begin to take their toll on
human health and the environment.
The image of the tall stacks of power plants
with smoke-like puffs billowing from them is a familiar sight
to most in the country, certainly to denizens of Kentucky where
the majority of our electricity is derived from coal fired plants.
In fact, the utility that serves much of Metro Louisville,
Louisville Gas & Electric (an E.On company) (LG&E), has an
electric service area that is 97.75% supplied by fossil fuel
derived electricity. In more recent times, thanks to the installa-
tion of pollution controls required by Clean Air Act amend-
The Connection between Energy Use and Air Quality
Michelle Stites
Environmental Coordinator
Louisville Metro Air Pollution Control District
One of LG&E’s coal-fired power plants - Cane Run Station
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ments, most of the visible emissions from power plants are
actually steam from “scrubbers” that remove the majority of
the sulfur dioxide and much of the particulate matter as well.
This is certainly true at LG&E’s three coal-fired power plants,
Trimble County Station, Cane Run Station and Mill Creek
Station. 
The other 2.25% of the electricity supplied by LG&E is
generated by the Ohio Falls Hydroelectric Station (OHFS), one
of the 5 hydroelectric facilities on the Ohio River. OFHS,
which has a capacity of 80MW (based on nameplate ratings), is
a run-of-river facility, meaning that it operates only when water
level and flow conditions permit. This often means that during
summer’s peak hours, when electricity demands are at their
highest, OFHS is not operating due to low river levels. 
In addition to these workhorses of the electric grid, LG&E
also maintains six combustion turbines, which are powered by
natural gas. Some of these use fuel oil for “cold starts,” mean-
ing that they are able to start operating and generating electrici-
ty in blackout conditions. These facilities are not in constant
operation; rather they are put into use at times when energy
demand is at its highest. Those peak hours of need generally
occur during the summer when heavy use of air conditioning is
occuring across all sectors.
Many industrial and commercial facilities use fossil fuels
to generate steam for heat as needed on site. This steam may be
used for heating a facility, such as the boilers that heat the
University of Louisville Belknap Campus through steam distri-
bution. Or, this steam heat could be a necessary input at some
point in an industrial process. For instance, such steam heat is
necessary in the chemical production cycles at the American
Synthetic Rubber and the Oxy Vinyls plants in Louisville’s
Rubbertown area. The fuel used for these purposes can vary
from facility to facility. Several facilities use coal fired boilers
to fulfill their needs, but other more unique solutions can be
found as well. Rohm and Haas’ Louisville production facility,
for example, uses hazardous waste generated by their produc-
tion activities as a fuel for its burners. This method of waste
disposal also provides the necessary heat input for their manu-
facturing processes. Also, General Electric Company’s
Appliance Park has for many years made use of methane col-
lected from Waste Management, Inc.’s Outer Loop Recycling
and Disposal Facility as a fuel for heat and steam.
LG&E also supplies natural gas for consumers in the
industrial, commercial and residential sectors. Industrial uses
comprise roughly a third (32%) of the natural gas use in the
U.S. In many areas of the nation natural gas is used to fuel
power plants, making electric generation the second largest
user (29%) of natural gas. Residential users account for nearly
a quarter (24%) of the consumption for uses such as home
heating, cooking and water heating. The remaining portion of
natural gas use is mainly by the commercial sector with a small
fraction (less than 1%) going to fuel for vehicles running on
compressed natural gas.
Natural gas is primarily comprised of methane, a relatively
simple carbon molecule, and combusts much more cleanly than
other fossil fuels. Consequently, the quantity of emissions
resulting from the use of natural gas is much lower than the
amount of corresponding emissions from the use of coal or oil.
The production, storage and delivery of natural gas can also
result in air pollution as small amounts of methane may leak
out at any number of points in the supply chain. While not a
regulated pollutant, methane is a potent greenhouse gas so
these comparatively small releases can add up when considered
on a national or global scale. 
Along with these fixed locations for fuel consumption, the
other major source of emissions associated with energy use is
the myriad of mobile sources that the advent of the internal
combustion engine has given rise to. Americans are in their
cars more than ever and the trend is continuing upward. Each
year since 1970 the vehicle miles traveled in America has far
outpaced the corresponding growth in population. This trans-
portation sector is only a portion of the mobile source category,
which is comprised of two basic groups: On-road and non-
road. 
As one would imagine, on-road vehicles are those traveling
along our highways and avenues in numbers that grow by the
day. They are automobiles, motorcycles, SUV’s, pickup trucks,
heavy-duty trucks, minivans and buses, the things that most of
us rely on to get us and our consumer goods to where we need
to be on a daily basis. Petroleum products, chiefly gasoline and
diesel, fuel the vast majority of these vehicles. However, there
are alternatives to these traditional mobile source fuels that are
becoming more available. Ethanol and biodiesel are both
renewable fuels manufactured from agricultural products. Each




of these fuels has roots dating back to the invention of the
internal combustion engine. Although they have seen an
impressive increase in attention in recent years, biofuels still
constitute only a small fraction of the fuel used in this country.
Since 1970, on-road emissions have decreased in almost
every category despite increased numbers of vehicles on the
road. One sector in which this does not hold true is the heavy-
duty diesel truck, where emissions of oxides of nitrogen have
risen significantly since 1970. In January 2001 EPA finalized
its 2007 Clean Diesel Rule. By addressing fuel and engine
technology at the same time, the EPA is anticipating that when
the current, in-use heavy-duty diesel fleet is replaced, around
2030, the reduction in emissions will be equivalent to remov-
ing 90% of today’s trucks and buses from the road. In the
meantime, ultra low sulfur diesel (ULSD), which became wide-
ly available at the pump this fall and will be fully phased in by
2010, will reduce emissions from existing vehicles and will
allow for the use of pollution control technologies on all
heavy-duty diesel engines starting with the 2007 model year. 
Emissions have also grown from the other type of mobile
sources, non-road engines. Also referred to as off-road, this
group includes equipment for lawn and garden, construction,
agriculture, marine and aeronautical applications as well as
railroad engines. These sources went largely unregulated until
the Clean Air Act was amended in the 1990s and still lag
behind regulations for on-road sources. The larger equipment’s
engines are predominantly diesel and have not been subject to
the same regulations that have kept on-road emission in check.
That, however, is beginning to change as the 2007 Clean Diesel
Rule also contains requirements for the fuel and engine tech-
nologies used in this market with phase-in periods that are
staggered behind the on-road requirements by only a few years.
What is happening in Metro Louisville to lower emissions
associated with energy use?
On April 22, 2005, Earth Day, Mayor Abramson signed the
U.S. Mayor’s Climate Protection Agreement, which was later
unanimously endorsed by the U.S. Conference of Mayors. A
year and a half later 313 mayors had signed on to the agree-
ment and the number is still growing. Under this agreement
participating cities seek to reduce their greenhouse gas emis-
sions and to encourage the adoption of policies and legislation
at the state and federal level to address the growing problem of
climate change. Reductions are possible from a variety of
approaches, including land use policies, transportation options,
building code and maintenance choices and fleet fuel efficien-
cy. To meet these goals and to improve the overall quality of
the city’s air, Louisville has expanded its efforts using interde-
partmental collaborations and partnerships with organizations
outside of Metro Government.
The Metro Green Team is a body of volunteer Metro
employees from multiple departments that has met for several
years (under varying committee names before and after the city
and county governments’ merger) to discuss the various envi-
ronmental impacts of our local government and ways in which
they could be mitigated. Through this group, ideas and infor-
mation are exchanged between departments and many success
stories have hinged on its members. Early progress has been
made in the area of resource conservation through the imple-
mented practices of double-sided copying, the use of recycled
content paper for both the office and for city publications, and
recycling of toner and inkjet cartridges. With these policies and
others like it in place, Metro government has turned its atten-
tion to another critical area of its operations, energy use. 
Through the formation of a Sustainable Buildings and
Energy Efficiency Committee, Metro Louisville has undertaken
a review of its Environmental Management Systems Manual,
looking specifically to update those sections dealing with ener-
gy efficiency. This team has also been tasked with making spe-
cific recommendations for ways in which Metro Government
operations can conserve energy and move to a more sustainable
state. Metro Government has already begun to take steps
toward more energy efficient operations and practices. For
instance, occupancy sensors have been installed at many loca-
tions to switch off lights in areas that remain unused for
stretches of time, including restrooms and stairwells, and ener-
gy efficient lights and ballasts are being put into use. Also, in
an effort to reduce the vehicle miles traveled by its employees,
Metro Government has provided free TARC (Transit Authority
of River City, the public transportation system in Louisville)
bus service to its workforce. 
Bike Louisville, an initiative of Louisville Metro Planning
and Design Services, is an ongoing project aimed at creating a
bicycle friendly environment in the city. To meet this goal,
Louisville is providing safer on-road facilities for bikes, educa-
tion for both cyclists and drivers and is raising community
awareness of the health benefits of an active lifestyle. This
movement was propelled forward in 2005 with the Louisville
Metro Bicycle Summit, an event that brought together city offi-
cials, transportation professionals and bicycling advocates and
enthusiasts. From this Summit emerged the Bicycle Friendly
Louisville Plan, a road map for the city’s efforts to encourage
cycling as both a recreational choice as well as a non-polluting
mode of transportation. Since that time Mayor Jerry Abramson
has hosted several “Hike and Bike” events, which help get rid-
ers out onto city streets in a safe and controlled environment in
hopes of encouraging them to continue on their own. It is a tes-
tament to the commitment of city officials and the work of
Planning and Design Services that Louisville was recently des-
ignated a “Bicycle Friendly Community” at the Bronze level
by the League of American Bicyclists, two years ahead of the
goal set forth in the Bicycle Friendly Louisville Plan. 
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In another effort, a new committee called “Community of
Trees” has been formed to coalesce the efforts of a diverse
group of Metro and community specialists in increasing
Louisville’s urban forest. Healthy urban forests offer a myriad
of benefits for cities and their inhabitants. First, trees are
nature’s air filters. By filtering out NO2, SO2, CO, and PM,
trees help clear the air of otherwise harmful pollutants.
Additionally, trees sequester CO2 by taking it up through the
leaves and storing it as biomass. Trees even prevent the release
of energy related emissions by reducing the need for air condi-
tioning. This occurs through direct shading of a building, as
well as through prevention of the urban heat island effect, the
occurrence of elevated ambient temperatures in urban areas due
to the prevalence of darker surface areas (e.g., roads, parking
lots, and roofs). 
The Community of Trees effort builds on the success of
receiving a grant provided by Duke Energy (then Cinergy) for
planting 1000 seedlings and 200 caliper trees over three years.
These plantings will be distributed among various public lands
in the urban services district of Louisville. The grant was the
result of a collaborative effort among departments with a
shared interest in trees, specifically planning for the life-cycle
and eventual replacement when needed. This includes consider-
ing what species are selected, where they are planted, and how
they will be maintained.
Louisville has nearly completed a city-wide project to con-
vert all Metro-owned traffic lights from incandescent bulb to
light-emitting diodes (LEDs). These LEDs are energy efficient
and reduce consumption by an average of 80%. Additionally,
they save time and money by lowering maintenance costs sig-
nificantly. LEDs last six or more years instead of an incandes-
cent bulb’s lifespan of eight to twelve months. This retrofit
project is expected to save 7.5 million kilowatt hours, enough
to power 750 homes for a year. A retrofit of all state-owned
traffic lights has already been completed, making Kentucky the
second state, only behind Delaware, to complete a statewide
conversion.
Louisville encourages individuals to help clear the air as
well. In 2001 the Louisville Metro Air Pollution Control
District (APCD or District) created the Lawn Care for Cleaner
Air (LCCA) program. LCCA is a public awareness program
that recognizes property owners for minimizing their air emis-
sions from lawn maintenance by re-landscaping, or by switch-
ing to cleaner yard maintenance equipment. APCD started
small by giving workshops at libraries, and at garden club,
neighborhood and community meetings where staff explained
the public benefits to reducing gasoline powered lawn mainte-
nance equipment use. Participants were surprised to learn that
one-hour’s use of a 4-stroke lawnmower produces almost as
much smog forming compounds and carbon monoxide as driv-
ing 200 miles in a typical car. Gasoline powered string trim-
mers and leaf blowers generate even higher levels of VOCs.
Using native trees, shrubs, perennials and other plants, property
owners can create a low maintenance yard that requires up to
50% less work. The program’s honorees reduce tons of poten-
tial emissions annually in Louisville’s ambient air. For exam-
ple, as of the beginning of 2006 the property owners recog-
nized under this program cut potential emissions of CO2 by
748 tons and VOCs by 44.2 tons.
The LCCA program was broadened in 2003 with the intro-
duction of a rebate program. APCD offers Louisville Metro
residents rebates when they buy new electric-powered lawn
equipment or push reel mowers. Additionally, in conjunction
with Metro Solid Waste Management, APCD issues a bonus
rebate to residents who also recycle a gasoline-powered lawn-
mower, string trimmer, leaf blower, or batteries for recharge-
able models. Participants receive up to $100 depending on the
combination of items. Rebates are funded by monies from the
assessment of penalties on those violating the District’s regu-
lations. By collecting data on how many hours of gasoline-
powered yard maintenance activities were avoided, emission
reduction calculations at the beginning of 2006 included 521
tons of CO2 and 30.8 tons of VOCs. 
In the winter of 2004-5, APCD was awarded one of two
inaugural EPA grants for innovative approaches to reducing
air pollution. With this grant APCD held a Low-Maintenance
Landscaping Design Competition. Participants submitted
designs in four categories and were required to include two
additional plant lists for greater reproducibility. First and sec-
ond place monetary prizes were awarded in each of the cate-
gories by a group of professionals who volunteered their time
to judge the competition. The 1st place winner in each catego-
ry received an additional stipend for plant materials to help
implement their design on new or existing landscapes. Metro Parks employees plant a tree along one of Louisville’s Parkways.
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Winning designs are posted on the District’s website
(www.louisvilleky.gov/APCD) and free to anyone to incorpo-
rate into their property. 
The outreach arm of APCD, Kentuckiana Air Education
(KAIRE), focuses on educating the public on mobile source
issues. Funded by federal transportation dollars, KAIRE raises
public awareness in Louisville Metro and the surrounding
counties in Kentucky and Southern Indiana. Its primary mis-
sion is to educate the public as to the impact of its daily choic-
es and provide information to make better ones. Through
advertising campaigns, event sponsorships, booths at diverse
public events, a website (www.helptheair.org), and giveaways
such as t-shirts and tire gauges, KAIRE works to saturate the
community with the message that all individuals can do their
part. KAIRE also maintains a notification network and works
with the local media to broadcast Air Quality Alerts on those
days when the Air Quality Index is forecasted to enter or
exceed the “Unhealthy for Sensitive Groups” range.
TARC has been actively pursuing ways to make the energy
efficient and less polluting choice of riding the bus an even
more environmentally friendly one. As early as 2001 TARC
installed throttle modulators on their older diesel engines to
reduce emissions from jackrabbit starts and to conserve fuel. In
addition to providing cleaner rides, TARC is also making it
easier for cyclists to commute further by outfitting its buses
with bike racks. These racks have been such a success that
TARC is seeking ways to mount more than two bikes at a time
on a bus. Also, by voluntarily switching its own fleet to ultra
low sulfur diesel years before its use was mandated nationwide,
TARC reduced emissions of CO, VOCs, NOx, and PM. In pur-
suit of a greener fleet, TARC has already added 5 hybrid diesel
buses to its fleet and is actively pursuing the purchase of sever-
al more. Those buses achieve 20-25% greater fuel efficiency
than the standard diesel bus. 
In addition to these and other initiatives by Louisville
Metro Government, still more progress is taking place under
the guise of the Partnership for a Green City (P4GC, or
Partnership). The P4GC is the result of a collaborative effort
between Louisville Metro Government, the University of
Louisville (U of L) and Jefferson County Public Schools
(JCPS). The sheer mass of resources consumed, people
employed and land used by these three institutions made it a
formidable challenge to form a working partnership between
them. Along with this challenge, however, came the possibility
of incredible benefits. With more than 500 buildings, 7,000
vehicles and 25,000 acres of land among them, each successful
initiative could be multiplied many times over by sharing
ideas, savings and bargaining power. 
The Energy Use Partnership (EUP), a committee of the
P4GC, has been particularly active since its formation. With
the goal of reducing energy use in all three institutions, the
EUP seeks out new technologies, practices and other opportu-
nities for energy savings and allows for the sharing of informa-
tion among the participants. To this end the group has benefited
greatly from the expertise and guidance of the Kentucky
Pollution Prevention Center, which has, among other things,
performed audits on 17 Partnership buildings. The purpose of
these audits is to identify current building conditions that are
not optimal for energy efficiency and to prioritize the correc-
tion of these conditions based on cost and payback. KPPC
trained students from U of L’s J.B. Speed School of
Engineering, as well as JCPS students from the J. Graham
Brown School and Waggener High School in energy auditing. 
The EUP has supported energy efficiency and renewable
energy projects by each of the members and, by collecting and
analyzing data from each, the committee helps to determine
which initiatives merit expanded implementation. In June of
2006, Mayor Abramson announced one such project, the pur-
chase and installation of three solar-powered streetlights in
A Louisville intersection outfitted with energy-
saving LED taffic lights.
KAIRE’s booth at the Kentucky State Fair, including Claira, the Clean Air
Automobile, a game that illustrates how an individual’s driving habits
can affect how much they pollute.
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downtown Louisville. This pilot project will continue through
the winter months when solar power will be at its lowest point
of availability. U of L faculty and students will monitor the
project and will examine whether the downtown location with
its tall buildings will be suitable for solar power and which of
the three solar panel units, each made by a different manufac-
turer, is preferable. After this study has run its course the pan-
els will be moved to another location for additional assess-
ments. Some possible uses for this technology include remote
locations in Metro Parks; this would alleviate the need for
overhead lines or trenching, and for hospitals and other emer-
gency locations where lighting would be vital even during a
power loss.
JCPS has also been exploring ways to take full advantage
of available solar resources. In addition to testing daylight har-
vesting ballasts and solar reflectors that throw sunlight from
windows further into a classroom, JCPS has already installed
and is operating a solar water heater at its Churchill Park
Rehabilitation Center. An early starter in the area of energy
efficiency, JCPS has been investigating ways to incorporate
energy saving technologies into buildings as they are built, a
much more cost effective alternative to retro-fitting. This
includes improvements to the building’s thermal envelope, as
well as the solar technologies mentioned previously. Another
achievement on the part of JCPS is its “When Not In Use, Turn
Off the Juice” pledge. Students and faculty are asked to sign a
commitment to conserving electricity by taking responsible
steps in their everyday actions, such as turning off the lights
when you leave a room or shutting down your computer when
the day is over. Stickers bearing this logo have also been
placed at strategic points (e.g., light switch plates) throughout
JCPS facilities.
In addition to its role in providing technical expertise, U of
L has also implemented energy-saving projects of its own. One
of these projects has been the installation of Vending Misers on
beverage machines around campus. The Vending Miser is a
device that can be added to any cold beverage vending
machine to conserve electricity. By sensing both the ambient
temperature around the machine, as well as whether there is
anyone in the vicinity of the machine, the Vending Miser will
power the machine down when it is not necessary to cool the
product or illuminate the sign. U of L will potentially save
thousands of dollars a year from reduced electric consumption
by these machines, without affecting the quality of the product
delivered.
This summer the EUP took a step into another major area
of energy consumption and convened a Fleets Subcommittee.
Early benefits of this committee’s work have included sharing
information on the use of biofuels and other alternative fuels.
For example, the Metropolitan Sewer District (MSD) has for
years been operating a fleet that runs on compressed natural
gas. Also, JCPS and Metro Government have both had experi-
ence with using biofuels, either ethanol or biodiesel. By shar-
ing this information each Partner benefits from the others’
experiences and the group can explore opportunities for
increasing alternative fuel use and decreasing overall consump-
tion.
What does the connection between energy and air quality
mean to all of us? 
Innovative thinking and wise use of existing resources are
necessary for sustaining our community’s well-being.
Regulations will continue to be necessary to protect public
health, but there is much that can be achieved through volun-
tary action on the part of governments, businesses, and individ-
uals. Sometimes that means replacing old equipment with new
and improved technology. For instance, simply changing a sin-
gle incandescent light bulb to an energy efficient compact fluo-
rescent (CFL) will, over the course of its lifetime, prevent 450
pounds of greenhouse gas emissions from a power plant. Other
times it may mean changing a habit; making sure that your
vehicle is maintained properly at all times or that you change
your furnace filter regularly. 
No turn of the engine key or flip of the light switch is
without its consequences and each person has innumerable
opportunities throughout the course of that person’s daily life
to lessen the impact on the air we breathe. Those opportunities
may include weather-proofing your home, car-pooling or using
an alternative mode of transportation to get to work, supporting
community air quality initiatives, installing energy efficient
office equipment at your business, or teaching your children to
always turn off the lights when they leave the room; every step
is one step closer to a healthier community. After all, it all adds
up to cleaner air.
Resources
AIRNow – http://airnow.gov/
Kentuckiana Air Education – http://www.helptheair.org/
Louisville Gas & Electric Power Plant Information –
http://www.eon-us.com/lge/lge_plant_info.asp
Louisville Metro Air Pollution Control District –
http://www.louisvilleky.gov/APCD/
Louisville Metro Government – http://www.louisvilleky.gov





Pew Center on Global Climate Change – http://www.pewcli-
mate.org/ 
U.S. Department of Energy, Energy Information Agency –
http://www.eia.doe.gov/
U.S. Department of Transportation Federal Highway
Administration, Transportation Air Quality Selected Facts
and Figures, January 2006 – http://www.fhwa.dot.gov/envi-
ronment/aqfactbk/index. htm
U.S. Environmental Protection Agency, Office of
Transportation and Air Quality – http://www.epa.gov/otaq/
U.S. Environmental Protection Agency, Air Topics –
http://www.epa.gov/ebtpages/air.html
U.S. Environmental Protection Agency, Office of Air and
Radiation – http://www.epa.gov/air/index.html
U.S. Mayors Climate Protection Agreement -
http://www.ci.seattle.wa.us/mayor/climate/
Michelle Stites is an Environmental Coordinator at the
Louisville Metro Air Pollution Control District working in the
areas of energy, transportation, and land use policy.  She holds
a J.D. from Indiana University School of Law, an M.P.A. from
Indiana University School of Public and Environmental Affairs,
and a B.S. from Morehead State University.
Fall/Winter 2007
64
As we move into the 21st century, ethanol has become a
popular alternative to gasoline for the American consumer. Here
in Kentucky, Commonwealth Agri-Energy, LLC has answered
the call. The demands for energy, carbon-based pollution and
resulting environmental problems, global political instability,
and dwindling supplies, are all answered by the bio-fuels alter-
native. In Hopkinsville, with 12 million bushels of Christian
County corn, Commonwealth Agri-Energy, LLC, (CAE),
processes 33 million gallons of ethanol per year. CAE is a
100% farmer owned business that uses 7% of Kentucky’s corn,
basically the amount that Christian County grows. The business
started production in March of 2004 as a 20 million gallons per
year plant. Hopkinsville Elevator Company, a cooperative of
2300 farmer members, along with the Kentucky Corn Growers,
with 700 farmer members, developed this ethanol project to
provide an added value to their grain merchandising business.
Located on an old rock quarry, the site was chosen because it
was adjacent to a major railway, adjacent to a state highway,
near a metro area with higher education institutions, and sup-
plied by a good water source. With the passing
of the Energy bill in August 2005, the business
expanded production to 33 million gallons per
year as of March of this year. The plant uses the
latest technologies to process ethanol as energy
efficiently as the best in the industry. We make
198.4 proof, (or 99.2%), ethanol denatured with
about 5% gasoline. Denatured means made
unfit for human consumption, (or we would be
very similar to whiskey distilleries). Louisville,
Kentucky has been our biggest market for fuel
ethanol. 
Commonwealth Agri-Energy, LLC is a corn
dry grind ethanol plant. The dry grind process,
versus a wet milling process, is a lower capital
cost process that a much smaller investor group
can afford and still compete. That means that it
grinds the whole kernel of corn dry and makes
a smaller set of end products. The full blown
wet mill may have 10 – 15 different end prod-
ucts. The dry grind plant produces three prod-
ucts, fuel ethanol, CO2, and DDGS. It is a
three-way split of products. For a 33 million
gpy ethanol plant, it needs to grind 33,000 bushels per day of
corn, or 33 truck loads. This yields 11 truck loads of ethanol, 11
truck loads of CO2, and 11 truck loads of DDGS per day. CO2
is processed by another company adjacent to the plant, Pain
Enterprises, to make liquid CO2 for carbonated beverages and
dry ice. DDGS, or distillers dried grains with solubles, are vari-
ous animal feed products sold to the beef, dairy, swine, and
poultry industries. CAE also separates about three truck loads
per week of animal feed fat corn oil sold to poultry producers.
Land O’ Lakes markets our DDGS, and Ethanol Products mar-
kets our ethanol. This method of ethanol production from corn
uses the basic processing design similar to its predecessor, the
whiskey distillery, however, the modern corn dry grind ethanol
producer is dramatically more energy efficient. Efficiency is
critical in the highly competitive petroleum fuels marketplace
which is all about energy efficiency. With the dramatic improve-
ments in plant energy efficiencies, and the corresponding
improvements in farmer field efficiencies, the fuel ethanol plant
can compete in today’s marketplace. The plant is also labor effi-
Commonwealth Agri-Energy, LLC – Kentucky’s Ethanol Plant
Mick Henderson, General Manager
The Ethanol Plant in Hopkinsville, Kentucky.
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cient compared to earlier designs. Our plant employees 30 peo-
ple which is one fourth of the labor requirements of twenty
years ago. Computer controls and automated systems have dra-
matically improved operational efficiency over the years requir-
ing only three people to operate the plant. The process runs 24
hours a day 365 days a year. It takes dedicated people who care
about our success and pay attention to the details. We are proud
of our employees. 
I have been in the business for 25 years and have seen sev-
eral ups and downs in the price of corn and the price of crude
oil. They do not swing together and either can make or break
the ethanol business. Recently we have experienced an unprece-
dented upswing in petroleum prices while corn production in
the last few years has been at record levels. This has given the
ethanol industry a great boost and chance for future success. I
expect that this past volatility will continue in both markets,
corn and petroleum. There will be opportunities for profitability
that should continue to provide incentives for additional ethanol
plants to be built, and the industry should continue to grow.
There will also be downturns in this volatile pricing market with
periodic contractions, buyouts, and consolidations. My favorite
business model for an ethanol plant is farmer owned, like CAE.
It allows for the dollar to be turned right close to home. It
brings wealth to the farmers who grow the crop, as well as the
community where they live in mostly rural America, the back-
bone of this country. As the industry has matured, Wall Street
investors, not just farmers, are investing in the business as well.
Even major petroleum businesses are beginning to take part in
the bio-fuels business again. The 2005 Energy Bill provides
additional protection for the industry which is necessary if it is
to survive. The Energy Bill guarantees a market of 7.5 billion
gallons per year by 2012; an amount we will exceed by 2008.
As we outpace demand, voluntary use will be pushing prices for
ethanol down and tightening margins for the ethanol producer.
An update on the 2005 bill will be needed to provide incentives
to grow this vital industry for our future. The demand for liquid
fuel in this country, especially gasoline, has been at unparalleled
levels, and correspondingly unparalleled prices. The ethanol
alternative is easily added to the fuels distribution network to
provide molecules of octane at a reasonable cost. Today, ethanol
provides 5 billion gallons per year to the ~150 billion gpy gaso-
line market, about 3%. 
Ethanol is not new. It has actually been around as an auto-
motive fuel for as long as cars have been mass produced. Henry
Ford built his Model T to run on ethanol. Prohibition was an
attempt to kill America’s alcohol drinking problem, but it simul-
taneously killed the ethanol industry which was just gaining a
toe hold. It made a comeback in WWII when beverage distiller-
ies were converted to make fuel for the war effort. When petro-
leum was very cheap during the next forty years, the industry
died once again. During the late 1970’s, the advent of OPEC
and the oil crisis, ethanol made a resurgence in the US Midwest
as a gasoline extender. In the 1990’s, and the Clean Air Act,
ethanol found its place as an additive in gasoline to reduce air
pollution. It proved its worth as a clean burning oxygenate that
reduced vehicle tail pipe emissions in major metropolitan areas.
However, a petroleum chemical MTBE, (methyl tertiary butyl
ether), was the choice of most gasoline blenders to provide an
oxygenate to the marketplace. MTBE was later blamed for pol-
luting ground water and recently has been pulled from the gaso-
line pool this summer. As mentioned earlier, the Louisville mar-
ket has been using our ethanol as its oxygenate of choice for a
few years already after banning MTBE. Ethanol has never seen
a greater need in the marketplace. It has seen an unprecedented
surge in demand and a corresponding surge in plant construc-
tion and expansions. With flexible fuel vehicles entering the
marketplace, ethanol is even making Super Bowl commercials
(GM’s Live Green Go Yellow campaign and Ford’s commercial
about 250,000 vehicles per year being built). These flexible fuel
vehicles will run on anything from regular 87 octane unleaded
to 105 octane E-85, (0% ethanol up to 85% ethanol). Although
this trend sells new cars, it diverts attention away from the most
straight forward use of ethanol. It can be used in basically all
domestic and foreign built cars in the US market at a 10% blend
in gasoline. At this level, it can triple the present market for
ethanol before the US fleet needs to move to flexible fuel tech-
nology (this is calculated by taking the present 5 billion gpy and
tripling it to 15 billion gpy in a 150 billion gpy gasoline mar-
ket). A popular program considered today is 15 / 15 / 15, or 15
billion gpy of ethanol with a 15 billion bushel corn crop by
2015, a reachable goal with present technologies. Beyond that,
programs like 25 by 25, (25 billion gpy by 2025), will probably
require technologies that process cellulosic sources, like switch
grass or wood chips, to achieve this goal. By that time other
technologies like the hydrogen fuel cell could also be part of the
solution. 
Ethanol is a good solution to carbon-based pollution and
the environmental problems that result from it. As a bio-fuel,
ethanol converts biomass that is renewable every year into an
automotive carbon based fuel that displaces gasoline that is
derived from fossil fuels sequestered millions of years ago. In
the food or fuel debate, corn is considered a food that should
not be used for fuel, however, the starch portion of the kernel is
converted into fuel and the rest of the kernel is fed back into the
food cycle as an animal feed (or in some cases directly into
food). The issue for use of crops to produce liquid fuel is more
a matter of efficiency than an issue of feeding starving popula-
tions. The ability to feed the world’s needy has more to do with
political issues than a lack of sufficient food. Socio-economic
and political conditions are the problem, not our use/misuse of
biomass. We can grow more. The “energy balance” of corn
derived ethanol created considerable debate last year, but was
put to rest by various analyses done by reputable experts who
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defined a positive balance as a ratio where there is more energy
available in the finished ethanol than it takes to make it. The US
Department of Agriculture placed the ethanol industry at a posi-
tive 1.76 to 1. The Argonne Labs with the US Department of
Energy has the balance positive at 1.34 to 1, and Berkley has
the positive balance at 1.25 to 1. This overall positive balance
was debated last year by several academics and government
experts and put to rest. The whole flexible fuel program is based
on E-85 being less polluting than gasoline and vehicles that can
run on it lower the fleet fuel economy requirements for automo-
bile manufacturers. Greenhouse gas emissions are of major con-
cern as nations around the world address the issue of climate
change and reducing CO2 emisions as well as the industrial and
automotive sources of it. Ethanol reduces greenhouse gas emis-
sions by as much as 30%, and wins hands down in the environ-
mental debate about bio fuels versus petroleum fuels.
Commonwealth Agri-Energy, LLC uses technologies that dra-
matically reduce our stationary source emissions. It requires no
industrial sewer discharge because the production process recy-
cles through its own anaerobic digester waste treatment. CAE
stack gas emissions are minimized by using a thermal oxidizer
that destroys particulate and volatile organic compounds and
destroys odors that are associated with these emissions. Noise
reduction technologies have been developed to reduce fan noise.
We have installed low horsepower cooling water systems that
use our quarry lake for cooling rather than chiller water. CAE
strives to be a good neighbor and leader in our community. We
have showcased our plant by taking high school, college, and
business community groups, farmer groups, and groups interest-
ed in building their own ethanol plant in the region on tours of
the facility.
Global instability and dwindling supplies of petroleum are
the reason for high priced gasoline. The US depends on foreign
sources of oil for 60% of its supply, and on foreign sources of
refined gasoline for 25% of our supply, and of that amount,
25% of our oil supply comes from the Middle East. The US
cannot afford to be this dependent on foreign sources for our
petroleum based fuels. A better solution cannot be found than
ethanol made from corn by farmers in Kentucky. We don’t have
to depend on anyone except ourselves. Like Henry Ford said in
1906, if we need more we can grow more. America presently
processes 1.8 billion bushels of corn to make 5 billion gallons
of ethanol per year. That is 16% of the 11 billion bushel corn
crop this year. To make the 15 billion gpy of ethanol by 2015
with 15 billion bushels, we will need to convert 36% of the corn
crop into ethanol. To do this, we need 16% of our corn crop
today processed as ethanol, or 68 million gpy, (another plant of
our size or doubling the size of this plant). By 2015, Kentucky
should be processing 150 million gpy from 55 million bushels
of corn, or three plants the size of our current plant. There is
lots of room for growth.
As a performance fuel, ethanol has been showcased by the
Indy Racing League. The entire Indy Car fleet ran on 10%
ethanol blends this past season. Next season, they will be
increasing the ethanol in their fuel to 100%. At speeds exceed-
ing 230 miles per hour, there is no question that ethanol per-
forms. I have my own testimonial to ethanol performance. I
have used this fuel since I have lived in the Midwest and driven
a lot of miles in many different makes and models of vehicles. I
have owned a 1977 Volkswagen Rabbit, a 1982 Toyota Celica, a
1987 Ford Thunderbird, a 1994 Chrysler Concorde, a 1995
Chevy Caprice, and a 2001 Toyota Siena. All have been driven
over 80,000 plus miles and each used 10% ethanol blends with
equal or improved performance, with no engine problems. 
In the June 13, 2005 issue of Time Magazine, our business
was showcased in an article describing one possible future. Our
“centerfold” caption read: “Mick Henderson, with Kentucky
farmers, is producing the fuel that could help the 500-m.p.g. car
become a reality.” The article described two technologies that
are available today, which when coupled together create the 500
miles per gallon of gasoline capability. The hybrid engine, with
plug-in technology, can get up to 75 miles per gallon. Flexible
fuel technology using E-85 (15% gasoline and 75% ethanol)
makes 500 mpg for the gasoline portion of the mix. With inno-
vations like these, we can take the United States, with Kentucky
as a leader, into a future by meeting our challenges with alterna-
tive sources of energy, while reducing or eliminating our
dependence on foreign oil.
Mick Henderson is the General Manager of Commonwealth
Agri-Energy, LLC. He has been with CAE since 2003. He has
25 years in agricultural processing experience, mostly in ethanol
with Archer Daniels Midland Co. 
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What fuels the future of energy in the Commonwealth of
Kentucky? Coal? Solar Power? Wind? The truth is Kentucky’s
energy future will entail a blend of fuels used in energy pro-
duction while making efforts to conserve energy use in all
aspects of our lives.
This article illustrates collaborative actions – not recom-
mendations – that drive energy production and consumption in
Kentucky. These actions will hopefully encourage further dis-
cussion on how to ensure a better future for Kentucky’s energy
resources that are critical to sustainable economic growth, a
healthy environment and the well-being of society.
Generally, there are four fuels used to produce energy –
coal, oil, gas and nuclear. However, there is another option that
is increasingly being touted as the “fifth fuel” – energy effi-
ciency (E2), which uses economically viable solutions to
reduce energy consumption. With two decades of documented
practical and successful applications of E2 programs in homes
and businesses throughout the country, the time is right for
Kentucky’s energy market participants to collaborate on how to
blend E2 into Kentucky’s mix of energy fuels.
A Case for ‘Clean Coal’
Coal is the most versatile and largest source for electricity
generation in the United States. Kentucky is blessed with abun-
dant coal, ranking third in coal production after Wyoming and
West Virginia. During 2005, Kentucky mined 119.7 million
tons of coal, a 4.8 percent increase compared to 2004 and
about 11 percent of the nation’s total coal production during the
same period. Some of the results of massive coal availability in
Kentucky are:
• Lowest electricity cost in the nation at an average
$0.042 per kilowatt-hour (kWh) compared with a
national average of $0.072/kWh. 
• Ranks sixth nationally in per capita primary energy
consumption.
• Ranks third in electric industrial intensity which is 268
percent above the national average.
• Carbon intensity is 2.5 times national average. 
At the current rates of coal production (and no change in
reserves), coal reserves in Kentucky could in theory last for
another 238 years.
Coal-fired power plants have a major environmental
impact, and unfortunately many such plants in Kentucky are
old and produce air emissions at higher rates than current emis-
sion standards. Regional air quality data show high levels of
smog, acid rain and particulate levels in areas upwind of
Kentucky’s coal-fired power plants. This makes a strong case
for more research, development and funding to further develop,
demonstrate and deploy clean coal technologies for Kentucky’s
energy future. 
Natural Gas - In and Out
Kentucky’s 1.9 billion cubic feet of proven natural gas
reserves account for 1 percent of the nation’s proven reserves.
In 2002, Kentucky produced more than 86 million cubic feet of
natural gas, yet the commonwealth is a net importer of natural
gas.
Nothing Crude about Biofuels
In July 2006, the United States imported 9.5 million bar-
rels of crude oil per day, which accounts for about 58 percent
of the daily U.S. oil consumption. The daily crude oil con-
sumption is forecast to increase from 15.48 million barrels in
2004 to 18.08 million barrels a day in 2030 which is a rate of
0.6 percent annually.
In his 2006 State of the Union Address, President Bush
announced a Biofuels Initiative that will improve energy secu-
rity in the United States by reducing the country’s dependence
on gasoline made from imported oil by as much as 75 percent
by the year 2025. Agriculture is a major user of energy, with
energy consumed directly and indirectly, and agriculture is
going to play a growing role in meeting the Nation’s demand
for renewable sources of energy. In 2005, 4 billion gallons of
ethanol and 91 million gallons of biodiesel were produced.
According to the U.S. Department of Energy’s Division of
Energy Efficiency and Renewable Energy (EERE), the ethanol
fuel industry is growing so rapidly that a national Renewable
Fuels Standard (RFS), passed as part of the Energy Policy Act
Looking Down the Road to Energy Independence
Cam Metcalf, Executive Director, Kentucky Pollution Prevention Center
Sri Iyer, Energy Efficiency Specialist, KPPC
Chris Wooton, Marketing and Public Relations, KPPC
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of 2005, is already obsolete. The RFS requires 4 billion gallons
of biofuel production in 2006, increasing gradually to 7.5 bil-
lion gallons in 2012. But, according to the a recent press
release from the Renewable Fuels Association (RFA), there are
currently 101 ethanol facilities nationwide with the capacity to
produce more than 4.8 billion gallons of ethanol per year - an
amount that already exceeds the RFS requirement of 4.7 billion
gallons of biofuels for 2007. With an additional 41 ethanol
facilities under construction and seven expansions to existing
facilities underway, the industry is in the process of adding
nearly 2.8 billion gallons of new capacity that will allow the
industry to produce 7.6 billion gallons of ethanol per year,
which exceeds the RFS requirement for 2012. 
Kentucky is right on board with the trend. New biodiesel
and ethanol plants are breaking ground in the Commonwealth
at a rapid pace. Kentucky agriculture produces 54 million
bushels of soybeans annually with 11 pounds of oil processed
from each bushel. Currently, Griffin Industries, located in
Butler, KY, has the capacity to produce 2 million gallons of
biodiesel from soy oil, tallow and yellow grease. Owensboro
Grain broke ground for a 50 million-gallon biodiesel facility in
Owensboro, KY, which is expected to go operational by 2007.
Commonwealth Agri-Energy LLC in Hopkinsville, KY,
and Parallel Products in Louisville, KY, are the two existing
ethanol production plants with an annual total production
capacity of 35.4 million gallons. There are also about six
ethanol plants at various stages of development in Kentucky.
Bluegrass Bioenergy LLC in Fulton, KY, recently broke ground
for the state’s second major ethanol plant, which is expected to
produce 55 million gallons of ethanol per year beginning late
2007. Agri Fuels LLC plans to construct a $100 million ethanol
production facility in Meade County near Brandenburg, KY.
The plant could produce more than 55 million gallons of
ethanol per year and is expected to break ground in early 2007.
The facility will use 19 million bushels of corn from within a
50-mile radius of the plant. 
To put this in perspective, Kentucky consumed about 2,100
million gallons of petroleum gasoline in 2002. Therefore, we
would require about 210 million gallons of ethanol for produc-
ing a 10% ethanol blended fuel (E10). The expansion of exist-
ing ethanol plants and development of new ethanol plants in
Kentucky will meet the state’s demand of ethanol for ethanol
blended (E10) fuel. However, the U.S. Department of Energy
forecasts that by 2030 energy consumption in the United States
will increase by more than 30 percent from current levels.
Energy production must increase by more than 40 percent to
meet the needs of the transportation sector alone. Therefore,
the supply of renewable energy, such as ethanol and biodiesel,
must also grow simply to maintain its current share of the over-
all energy market, and it must grow even faster if it is to reduce
dependence on fossil fuels.
Leadership Buy-In
Now more than ever, state and federal officials must seri-
ously consider the benefits of renewable energy and understand
the vital role that colleges and universities play in the research
and development of viable renewable energy strategies. U.S.
Senators Mitch McConnell and Jim Bunning secured $2 mil-
lion in funding through a federal appropriation to the
University of Louisville (U of L) that established the Kentucky
Rural Energy Consortium (KREC), a program that conducts
and facilitates research and educates the public about issues
that relate to efficient energy use and renewable energy produc-
tion and other energy activities of importance to Kentucky.
With additional support from the Governor’s Office of Energy
Policy (GOEP), researchers at U of L and the University of
Kentucky (UK) are conducting seven research projects that
focus on developing resource-responsible technologies and
practices specific to the energy sector. The Kentucky Pollution
Prevention Center (KPPC) at U of L’s J.B. Speed School of
Engineering serves as KREC’s clearinghouse and provides
additional support for ongoing activities of the consortium
members as well as state and federal programs that support
KREC’s goals. 
The research goals for the consortium include dramatically
reducing the United States’ dependency on foreign oil and cre-
ating an economically viable bioenergy industry in Kentucky.
Nearly $1.5 million in federal funds support KREC’s seven
research projects with an additional $295,000 in state matching
dollars provided by GOEP through a fund passed by the
Kentucky General Assembly and signed into law by Governor
Ernie Fletcher. KREC’s goals are consistent with Kentucky’s
Comprehensive Energy Strategy, which was introduced by
Gov. Fletcher in February 2005 and addresses Kentucky’s
short- and long-term energy needs. Details about this plan are
available online at www.energy.ky.gov/energy.
KREC in Action
The scope of KREC’s research embodies a variety of
approaches to renewable energy and is building an intellectual
base in Kentucky to address the challenges of alternative fuels
and energy efficiency technologies. 
One project’s goal is to reduce the cost of corn stover as a
feedstock to a biorefinery by reducing collection, handling and
storage costs and increasing the efficiency of pretreatment,
enzymatic hydrolysis and fermentation into value-added fuels
and chemicals. The project will allow for the evaluation of corn
stover, a residue available on Kentucky farms, to be converted
to a higher value product in rural communities. 
Another project entails the development of a solar heat
pipe system particularly suited to climates, such as Kentucky,
with moderately cold and moderately sunny winters. Through
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the use of heat pipes, the system transfers energy into a build-
ing on sunny days. and avoids energy losses during the night
and cloudy days. These heat pipes have the ability to transfer
heat in one direction only with virtually no losses in the reverse
direction. This prevents energy loss during the night and on
cloudy days when there is little to no sunlight. Compared to
traditional passive solar heating systems, the solar heat pipe
system provides better energy efficiency in Kentucky’s cloudy
climate.
Other KREC research projects focus on:
• Adapting bacteria to improve the production of
ethanol; 
• Improving the production of fuels and high-value
chemicals from biomass; 
• Developing nanomaterials to produce electricity from
the sun that can be used to produce hydrogen from
water; 
• Developing an economical process to produce biomass
briquettes from coal fires and wood waste for industri-
al boilers; and 
• Developing a residential ventilation system that
reduces energy use and improves indoor air quality.
More information about KREC initiatives is available
online at www.kppc.org/KREC. 
Partners for Energy Efficiency
KPPC is a nonprofit environmental technical assistance
and outreach center at U of L’s J.B. Speed School of
Engineering. The center provides free, nonregulatory and con-
fidential technical assistance, training and applied research to
improve energy efficiency, reduce waste streams and enhance
environmental performance. The center facilitates and pro-
motes the proactive implementation of management systems
and technologies to improve the competitiveness of Kentucky’s
businesses, industries and other organizations.
Since the inception of the center in 1995, KPPC has per-
formed nearly 600 assessments and audits for pollution preven-
tion (P2), energy efficiency (E2), environmental management
systems (EMS) and technology diffusion projects. KPPC’s E2
services began in 2000. Since then, the center has conducted 83
comprehensive energy assessments for educational, commercial
and industrial facilities. The total recommended savings were
approximately $3.7 million with an energy savings of more
than 266,000 million British thermal units (MMBtu) per year.
The total implementation costs were approximately $6.9 mil-
lion with an overall average payback of about 1.9 years. The
total estimated energy costs for the 20 industrial facilities
audited were approximately $30 million dollars with cost sav-
ings of roughly $3.7 million or an average of $185,000 per
year for each facility. 
While it is imperative to encourage industrial development
in Kentucky to promote economic well-being, it is also neces-
sary to consume natural resources more efficiently and protect
the environment. The southeastern United States is economical-
ly one of the fastest growing regions in the country. According
to the Energy Information Administration’s Annual Energy
Outlook 2006 for East South Central Region (Kentucky,
Tennessee, Alabama and Mississippi), energy consumption in
residential, commercial, industrial and transportation sectors is
expected to increase annually at the rate of 1.8, 3.3, 1.5 and 1.2
percent respectively from 2004 to 2030 while the gross domes-
tic product is expected to increase 3 percent annually for the
same period. 
Among the most energy-intensive industries in the U.S. are
those that manufacture aluminum, chemicals, forest products
(such as paper and wood products), glass, metalcasting, petro-
leum and coal products, and steel. Kentucky is one of the top
aluminum producing states and ranks as the number one state
in the primary aluminum industry for 2001. About 31% of the
primary aluminum production capacity in the United States is
based in the Ohio Valley. A recent report sponsored by the
Kentucky Science and Technology Corporation identified the
aluminum industry as 1 of the 4 growing value chain clusters
in the state. There are 112 aluminum-related facilities with
15,329 employees located in Kentucky with shipments worth
over $2.5 billion in 2001. Kentucky also has a strong presence
in the automobile industry and ranks 4th among the 50 states in
total light vehicle production. In 2003, 1,164,967 cars and light
trucks were produced in Kentucky, which is about 10% of all 
KPPC Energy Efficiency Specialist Sieglinde Kinne works with Steve
Michal, Superintendent of Electrical Maintenance, during a recent




cars and trucks manufactured in the U.S. The gross state prod-
uct for the Kentucky automotive industry was over $10.6 bil-
lion in 2002. 
In the area of resource management, these Kentucky ener-
gy-intensive industries are placing a new emphasis on energy
use and energy efficiency opportunities. Energy management
plans being developed are considering how energy affects
every part of the operation and processes. At some point in the
near term, procurement of energy sources and their availability
may become more important than price when ensuring that the
operation is uninterrupted. Also, adding energy efficiency and
renewable energy as part of an organization’s supply mix
should be considered. 
Resources Ready for E2
KPPC partners with other organizations, such as the
Kentucky Department for Environmental Protection, the
Governor’s Office of Energy Policy (GOEP), the Kentucky
Business Environmental Assistance Program (KBEAP), the
Kentucky Energy Services Coalition (KESC), the U.S.
Department of Energy and Environmental Protection Agency
and others to provide outreach and resources to businesses,
industries and organizations that want to realize cost savings
through improved environmental performance and energy effi-
ciency. More information about KPPC and its partner organiza-
tions is available at www.kppc.org.
New partnerships in Kentucky aggressively pursue E2
opportunities and assist those who want to lead the way in the
evolution of E2 practices, technologies and resources. E2 pro-
grams provide significant economic and environmental benefits
and can be developed, piloted and implemented in just a few
years. These programs bring relief where it might be difficult
to provide additional funding for energy costs in the short term
with tight state and local government budgets.
For example, energy expenses for fiscal year 2005-2006 in
Kentucky’s K-12 public schools totaled about $154 million
according to the Kentucky Department of Education. Over the
past four years, energy bills for Kentucky’s K-12 and postsec-
ondary schools alone, have increased by more than 30 percent,
or nearly $37 million. If all of those schools reduced energy
costs by 5 percent (an easily achievable goal), the annual sav-
ings would total about $7.7 million – money that could create
and maintain programs vital to student development. The new
Kentucky Energy Efficiency Program for Schools (KEEPS)
helps Kentucky school districts and higher education institu-
tions reduce energy consumption and operating expenses.
This pilot program, funded by GOEP, is being implement-
ed by KPPC in partnership with the National Energy Education
Development (NEED) project and the Kentucky School Plant
Management Association (KSPMA). KEEPS is educating
teachers, students, facility managers and operations and main-
tenance personnel on how their actions affect energy consump-
tion. KEEPS also educates school board members, superintend-
ents and university presidents on the value of energy-savings
policies, programs and facility improvements.
After acceptance to the KEEPS program, the selected
school districts and universities must identify an energy man-
ager, commit to the evaluation process, attend training and con-
sider implementing possible energy-savings measures that
KPPC identifies. Bullitt County Public Schools, Franklin
County Public Schools, Kentucky State University, Russellville
Independent Schools, Thomas More College and Western
Kentucky University were recently accepted as pilot members
of KEEPS. KPPC provides tools that help these schools ana-
lyze and understand their energy consumption. The center also
provides training and helps KEEPS participants identify and
implement low-cost/no-cost energy-savings measures that have
short payback periods. Over time, KPPC will help evaluate and
determine funding options to implement capital-intensive ener-
gy-savings measures with longer payback periods. This
approach allows KEEPS participants to ease into the process of
reducing energy use and saving money through energy efficien-
cy. It also demonstrates the value of the KEEPS program
before the schools and universities invest in more capital-inten-
sive, energy-savings measures.
Energy Efficiency Programs
State and regional studies show that adoption of economi-
cally attractive, but as yet untapped, energy efficiency
resources could yield more than 20 percent savings in total
electricity demand nationwide by 2025. The National Action
Plan for Energy Efficiency (NAPEE) points out that it will take
concerted efforts by all energy market participants: customers,
utilities, regulators, states, consumer advocates, energy service
companies, and others, to bring more energy efficiency into the
nation’s energy mix to slow demand growth in a wise, cost-
effective manner. Significant opportunities for energy efficien-
cy are likely to continue to be available at low costs in the
future. It is time to take advantage of more than two decades of
experience with successful energy efficiency programs, broad-
en and expand these efforts, and capture the savings that ener-
gy efficiency offers. 
To expand its E2 efforts, KPPC has partnered with techni-
cal assistance programs at the University of Illinois, University
of Minnesota, the University of Kentucky and the National
Pollution Prevention Roundtable to implement a multi-state
Technology Diffusion Initiative (TDI) that promotes the use of
innovative E2 and P2 technologies. Technology diffusion and
deployment promotes the adoption of solutions that are com-
mercially available but have not achieved widespread market
penetration. The overall process requires awareness of the E2
Fall/Winter 2007
71
opportunities, identification of barriers to implementation of
those opportunities and their solutions, and assessment of new
E2 technologies. 
TDI identifies barriers to the implementation of innovative
E2 technologies and documents how to overcome those barri-
ers to better control energy use and costs. To address the uncer-
tainty associated with how to implement new E2 technologies,
KPPC’s technical staff conducts pilot trials with TDI clients.
The trials lead to full-scale demonstrations and finally adoption
of the new E2 technology at the facility. These pilot trials,
demonstrations and applied research efforts create additional
awareness of innovative E2 technologies and best practices
among other change agents and organizations that have not yet
adopted them. KPPC and the partners are excited about the
potential results and positive impacts that E2 technology diffu-
sion will have on environmental performance and cost savings
for organizations. KPPC is realizing that more effort and fund-
ing may be required for energy efficiency technology demon-
stration, deployment and commercialization than for research
and development of the technologies. 
Still Work To Do
Initiatives, such as KREC, KEEPS, and TDI prove that
efforts to improve energy efficiency and develop renewable
energy resources in Kentucky are off to a good start. But there
is still work to do to secure continual success and sustainabili-
ty. 
More utilities, regulators and partner organizations must
improve customer access to energy efficiency programs that
help control energy costs, provide necessary funding to deliver
these programs, and examine policies that govern energy com-
panies. These policies must facilitate—not impede—cost-effec-
tive energy efficiency programs.
The National Action Plan for Energy Efficiency (NAPEE)
consists of more than 50 organizations that are dedicated to
creating a sustainable, aggressive national commitment to ener-
gy efficiency through gas and electric utilities, utility regulators
and partner organizations. NAPEE points out that it will take
concerted efforts by all energy market participants—customers,
utilities, regulators, states, consumer advocates, energy service
companies and others—to reduce energy demand in a wise,
cost-effective manner. It will also require education on energy
efficiency opportunities; review of existing policies; identifica-
tion of barriers and their solutions; assessment of new tech-
nologies; and modification and adoption of policies.
Kentucky Is Ready
This article touches on only a few policies, programs and
other resources in Kentucky and across the country that help
deliver better energy efficiency in new and existing residential,
commercial and industrial facilities that will consume the
majority of the energy used for years to come. Numerous other
resources, such as the U.S. EPA ENERGY STAR® program
and the Leadership in Energy and Environmental Design
(LEED®) program, integrate better energy design and manage-
ment practices into the mainstream.
Experience and results continue to demonstrate that energy
efficiency programs help reduce energy use and provide lower
costs through energy management systems. Additional investi-
gation and study of the impacts that energy efficiency programs
can have is needed. Also, other energy efficiency policies such
as building codes, appliance standards, and tax incentives will
continue to add value to E2 program efforts. Energy efficiency
programs will require consistent and long-term funding to
ensure education, outreach and continued implementation of
the energy efficiency measures and technologies that have been
demonstrated to be cost effective and available commercially. 
Kentucky’s energy future depends on the experience we
gain today. We must continue to investigate the positive
impacts that energy efficiency programs and renewable energy
resources have on the sustainability of Kentucky’s businesses,
industries, schools and, most importantly, our quality of life.
There are challenges, but, given the resources and technologies
that are available now and those that will be available in the
near future, Kentucky’s energy future is indeed a bright one. 
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